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BIOLOGICAF. P-ERTILIZKR RASirn r^^ryp^^ 



^ 1. FIELD OF THE INVENTION 

The invention relates to a biological fertilizer that comprises yeasts for fivino 
a«nitrogen.anddecotnposingins.luh,eco.^^^^^ 
^s.u.and^orcarhon.Theinve„tiona,sorelatesto.^^^^^ 
b.olog.calfert.hzer,and methods for .ingthebiologicalfertil^^ 

2. BACKGROUND OF THE INVENTION 

Use of Ml,,., esscndal in supportrng the mmtk of high yield c„p. of 

» NO. or NH, ). ph„,ph„„s („Ice„ up a. HJ-O. ). and potessium (aken up as K') 
«-r=q»,edby„„s,„.ps«„n,„s>»ik(Wich,„a„n,W..e,al ffAWord 
F^a^U^Mannai, S-«h large a„on„. of M„„,e„. phospho™.. ani" 
.-me.>..,e»pp,ied„^yi„^ef„„nof™ine„,fertli^,,,l,^„^„,^^^^ 

mm.ralso,„„„^ohenncals(,:P.,.he™ood.l9,,.Mi„e.alLliJj;rdU.e 
Envnonn,™,, United NaUo„.E„vi.„„,e^p»og«.„,T„^^ ^^^'^^^^^^^ 

20«,„e„pyie,dso„,hes«ne,„s.igh.,y,e.a.,onn,ofc,„pU„d„!^prLay., 



26.) 

25 



fore<rf.! urnnu 1, u "ui.:., a grcai amount ol pastures and 

fa^^ w^d have been convened in>o o„p,a„d. OCR ,sh.™o„d. I99S. Mta^^ 
U» and *c Env,^^ u^^d Na«ons Envi™n«.M Prog^e Teehnical R.p„„ No. 



.b„„d , ■ °''T*°'"'"'^°^"^*^'^"I»°'''»"Sn»nkind»ifl, 
.>^^-ag„cn,,n^lp™.„e^d»ha™done«.feen™„n^ 

"'"""='«""-»"™«™"'ta.ges»s„i,.. F„,exan.p,:.^« 

2S"f-l.-n,ayacidi*soils, .hereby adversely affeeUng*eg,„^„fVa«s««l 
■»^»'I°'8«-="S-Ex.ensive«se„fche,niealm«,genfert^^ 

^ Mn»a, ferhhze,3 .nay also ^ ^b^^ ^ J^' 

-^p.e,pbos,ta«f.,ffli.e,sp,oe.«edSo,,,„ekphos,ha«of^eo„,alnsn,,lla„.o^^ 
«^2d-".%-h«»«„„,^eh.„ayb„i,dupi„«Uandbe.a^„„pbyplan,s. 

«.mpI^d«loss»f,*,„genandphospha„faffli^d„e„te«ngandsoil«»si„nhas 
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led to contamination of soil and ground water, and eutrophication of surface water. 
Cleaning up polluted soil and water has been a complicated and difficult task. The cost for 
such a task is also astronomical. 

In search for a solution to the problem, some are going back to organic 
5 fertilizers. As is well known, organic fertilizers come from many different sources. Types 
of organic fertilizer include farm wastes, such as crop residues and animal manures; 
residues from plant and animal products, such as wood materials; and town wastes,'such as 
sewage (Wichmann, W., et al., IFA World Fertilizer Use Manual). Organic fertiliLrs are 
usually low in nutrients and less effective in supporting plant growth. For example, the total 
10 nutrients in cattle manure is less than 2%, and the nitrogen nutrients therein are more 

difficult to be effectively utilized due to their losses into the environment (K.F. Isherwood, 
1998. Mineral Fertilizer Use and the Environment, United Nations Environmental 
Programme Technical Report No. 26.). Normally, very large amount of organic fertilizers 
have to be applied lo soil. To reach high crop yield, organic fertilizers have only been used 
15 to supplement mineral fertilizers. Therefore, the problems with mineral fertilizers camiot be 
satisfactorily solved by substituting mineral fertilizer with organic fertilizer. Furthermore, 
organic fertilizers also have created environmental problems. For example, some organic' 
fertilizers, if unprocessed, contains pathogenic microorganisms, such as E. coli. 
Salmonella, and Coccidae. Organic fertilizers may also contain toxic chemical's and may 
20 produce undesirable odor. The use of organic fertilizer also contribute to the contamination 
and eutrophication of the natural water system. Therefore, in many parts of the world, 
including the United States, laws and regulations have been established imposing 
considerable restriction on both the composition and the usage of organic fertilizers. 

Biological fertilizers utilizing microorganisms have been proposed as 
25 alternatives to mineral fertilizers. Naturally occuning nitrogen fixing microorganisms 
including bacteria, such as Rhizobium, Azotobacter, and Azospirillum, (See for example, U. 
S. PatentNo. 5,071,462) and fungi, such as Aspergillus Jlavus-oryzae. (See. for example, U. 
S. Patent No. 4,670,037) have been utilized in biological fertilizers. Naturally occurring 
nucrooiganisms capable of solubilizing rock phosphate ore or other insoluble phosphates • 
30 into soluble phosphates have also been utUized m biological fertilizers either separately 
(e.g., U. S. Patent No. 5,912398) or in combination with nitrogen fixing microorganisms 
(e.g., U. 5. Patent No. 5,484.464). Genetically modified bacterial strains have also been 
developed and utilized in biological fertilizers. An approach based on recombinant DNA 
techniques has been developed to create more effective nitrogen fixing, phosphorus 
35 decomposing, and potassium decomposing bacterial strains for use in a biological fertilizer, 
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see, for example, U.S. Patent No. 5,578,486; PCT publication WO 95/09814- Chinese 
patent publication: CN 1081662A; CN 1082016A; ON 1082017A; CN 1103060A; and CN 
11 09:) 95 A. 

However, the biological fertilizers that are based on naturaUy occurring 
n,,croorganisn.s are generally not efficient enough to effectively replace mineral ferti W 
It ts therefore important to develop biological fertilizers that can replace mineral fertilizers' 
in supplying nitrogen, phosphorus, and potassium to crops for producing high quality 
. agncultural products whUe avoiding the problems associated with mineral fertilizers Th. 

10 felul^""'"'""'''''"''^^^ 

Citation of documents herein is not intended as an admission that any of the 
documents cited herein is pertinent prior art, or an admission that the cited documents are 
considered material to the patentability of the claims of the present application All 
statements as to the date or representations as to the contents of these documents axe based 
15 on the mfonnation available to the applicant and does not con^itute any admission as to the 
correctness of the dates or contents of these documents. 

3. SUMMARY OF THE INVENTION 

The present invention relates to biological fertilizers. The biological 
20 fertUizercompositionsoftheinventionmaycompriseuptosixdifrerentyeastcell 

components, an organic substrate component and/or an inorganic substrate cornponent In 
particular, the yeas, cell components of the composition are capable of fixing atmospheric 
nrtrogen, decomposing insoluble minerals or compounds, decomposing complex carbon 
matenals or compounds, overproducing growth factors, or overproducing ATP 
^ respectively. ' 

He present invention uses yeasts that are commercially available and/or 

accessible to thepubHc,su*asbut„ot limited to &ccWo«yc«c.rev«s,ae.mye^ 
components of the invention areproduced by culturing yeast cells under activation 

|=<>"d^tionssuchthattheabUitiesoftheceUstofixatmosphericnitroge„.tode^^^ 
insoluble phosphorus minerals or compounds, to decompose insoluble potassium minemls 
or compounds, and to decompose complex carbon materials or compounds are activated or 
enhanced. He yeast cells can also be cultured under conditions such that their abilities to 
produce excess growth fectois or ATP are activated or enhanced. Yeast cells exhibiting 
such activities are useful in convertmg nitrogen from the atmosphere to nitrogenous 
compounds that can be used by plants as-nutrients. releasing the otherv«se insoluble 
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phosphorus, potassium and carbon from minerals and complex molecules, such that these 
elements become available in a fonn that the plant can utilize for growth. Some yeast cells 
in the fertilizer are used for supporting other plant nutrient-providing yeast cells by 
supplying them with grov/th factors and ATP. 

5 The present invention also involves the use of a wide variety of organic and 

inorganic materials in the fertilizer to support the growth of the yeast strains of the present 
invention. In one embodiment, the fertilizer is produced by mixing coal-mine waste and 
rock phosphate with the yeast strains. In another embodiment, the fertilizer is produced by 
mixing animal manures, and optionally, a biological disinfectant, with the yeast strains. In 

1 0 yet another embodiment, the fertilizer is produced by mixing sludge from sewage water 
treatment plant and a biological disinfectant with the yeast strains. 

The invention also relates to methods for manufacturing the fertilizer 
comprising mixing, drying, and packing the yeast strains of the present invention and the 
organic and/or inorganic materials. 

^ ^ The invention further relates to methods for using the fertilizer of the present 

mvention. The biological fertilizers of the present invention are used to support and 
enhance the growth and maturation of a wide variety of plants. 

4. BRIEF DESCRIPTION OF FIGURES 

20 

Fig. 1 . Activation of yeast cells. 1 yeast culture; 2 container; 3 
electromagnetic field source. 

Fig. 2. Formation ofsymbiosis-like relationships among yeast strains. 4 
electromagnetic field source for nitrogen-fixing yeast; 5 electromagnetic field source for P- 
decomposing yeast; 6 electromagnetic field source for K-decomposing yeast; 7 
electromagnetic field source for C-decomposmg yeast; 8 yeast culture; 9 container. 

Fig. 3 . Adaptation of yeast cells to a soil type. 10 electrode; 1 1 container; 12 
.electrode; 13 yeast culture; 14 electromagnetic field source; 15 temperature controller 

30 

Fig. 4. Organic material grinding process. 16 orgamc raw material; 17 
crasher; 1 8 grindei^ 1 9 organic material in powder forai. 

Fig, 5. Inorganic material grinding process. 20 inorganic raw material; 21 
crusher; 22 grinder, 23 inorganic material in powder form. 
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Fig. 6. Yeast fermentation process. 24 activated yeast cells; 25 tank for 
cultunng yeast cells, starch : water GS'C ^ = I • 9 «; o«,„i,- r 

'^''=^(^0 ' •^•5,senii-aerobicfennentationat28to 

30 C for 48 to 77 honrc- 0/; ...i 



30°C for 48 to 72 hours; 26 harvested culture. 

5 



^ u on ^' ^""^^ 27 inorganic materials- 

28 starch; 29 organic materials; 30 mixer; 3 1 mixture; 32 mixture to be transported to ' 
fertilizer production Stage. 



fertilizer production stage. 

^'^•^•^^^Sy^<=«"«-33inletsforiritrogen-fixbg.P-decomposing.K- 
decomposmg, and C-decomposing yeasts; 34 mixing tank; 35 ATP-producing yeasf 36 GP 

producing yeast;37mixtureofyeasts; 38 mixture to be transported to fertilizerprod^^^ 

Stage. 

Fig.9. Fertilizerproductionprocess. 39 mixture of yeast; 40 mixture of 
organic and inorganic materials; 41 granulizer; 42 fertilizer granules. 

Fig. 10. Drying process. 43 fertilizer granules; 44 first dryer; 45 second 
dryer; 46 dried fertilizer. 

20 

Fig. 1 1 . Cooling and packaging process. 47 dried fertilizer, 48 cooler 49 
separator; 50 bulk bag filler; 51 final product 

5. DETAILED DESCRIPTION OF THE INVENTION 
In one embodiment, the present invention provides biological fertilizer 
25 compositions that comprise yeast cells. Hie present invention also provides in various 
embodmients, methods for manufacturing the biological fertili^r compositions as ^vell as 
methods for using the biological fertilizer compositions. 

The biological fertilizer compositions of the invention can replace 
chemrcal/mineral fertilizers in supplying nitrogen (N). phosphortis (P). and potassium (K) to 
plants, especially crop plants. The biological fertiUzer compositions of the present 
mvention can increase crop yields by 1 0-60%. Because the biological fertilizers of the 
pesent invention utilize metaboUc activities of Uving yeasts to convert rawmaterials. such 
as atmosphenc nitrogen and phosphorus and potassium minerals, into plant nutrients the 
conversion and release of such nutrients by the yeast cells is regulated in part by the nutrient 
content of the sofl. The nutrient content of the soil in turn depends in part on both the 



BNSDOCia <WO__0220431A1_I_> 



wo 02/20431 



PCT/GB00/0339!> 



environment and the changing needs of plants. Therefore, the release of plant nutrients by 
the b.olog,cal fertilizer compositions is adaptable to the soil condition and can be sustained 
over a period of time. 

In one embodiment, the biological fertilizer compositions of the invention 
compnse one or more yeast cell components. A yeast cell component of the biological 
fertahzer compositions comprises a plurality of yeast cells which are capable of perfom^ing 
one of the following fonctions. each of which results in the provision of one type of 
nutrients to plants : (1) fixation of atmospheric nitrogen; (2) decomposition of phosphorus 
mmerals or compounds; (3) decomposition of potassium minerals or compounds- (4) 
decomposition of complex or high molecular weight carbon materials or compounds 
Additional yeast cell components can be included to produce growth factors and ATP to 
support the other yeasts in the fertilizer compositions. 

The biological fertilizer compositions of the invention can forther comprises 
an organic substrate component, and/or an inorganic substrate component. TTie organic 
substrate component of the fertilizer compositions is a primao' carbon source for the yeast ■ 
cells m.the fertilizer. The inorganic subsnrate component provides the yeast cells in the 
fertihzer compositions minerals, materials, and compounds containing phosphorus and/or 
potassium. The organic and inorganic substrate component may also provide the plants ' 
2^ with other minerals such as but not limited to calcium, magnesium, and sulfur and 

nucronutrients. such as but not limited to boron, copper, iron, manganese, mol'ybdenum, and 



As used herein, the term "nitrogen fixation" or "fixation of atmospheric 
nitrogen" encompasses biological processes in which molecular nitrogen or nitrogen in the 

2^ ^t^^^Phere IS converted into one or more nitrogenous (N) compounds. incM^^ " 
hmited to. ammonia, ammonium salts, urea, and nitrates. 

As used herein, the phrase "decomposition of phosphorus minerals or 

compounds-refers to biologicalprocesses which convertphosphorus(P)compounds, such 
as but not limited to those water-insoluble phosphorus compounds present in rock 
phosphate, into one or more different phosphorus compound(s) which can be more readily 
used for survival and/or growth by plants and other yeasts. For example, the resulting 
phosphorus compounds may be more soluble in water, and can thus be taken up by the roots 
of plants. 

As used herein, the phrase "decomposition of potassium minerals or 
compounds" refers biological processes which convert potassium (K) compounds, such as 
but not limited to those water-insoluble potassium compounds present iii potassium mica, 
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into one or more different potassium compound(s) which can be more readily used for 
survival and/or growth by plants and other yeasts. For example, the resulting potassium 
compounds may be more soluble in water, and can thus be taken up by the roots of plants. 

As used herein, the phrase "decomposition of compleK or high molecular 
weight carbon minerals, materials or compounds" refers to the biological conversion of a 
complex organic or inorganic carbon molecule into one or more carbon molecule(s) which 
usually are of a lower molecular weight, and can be more readily used for survival and/or 
growth by plants and other organisms, including other yeasts. For example, it encompasses 
the conversion of high molecular weight carbon compounds in weathered coal to simple 

10 carbohydrates, such as pentose and hexose. This process includes those reactions where 
long chains of carbon atoms in a polymeric carbon compound are cleaved. 

As used herein, the term "growth factors" refers to molecules commonly 
required for growth of yeasts, including but not limited to vitamins, in particular, vitamm B 
complexes, e.g., vitamin B-1, riboflavin (vitamin B-2), vitamin B-12. niacin (B-3) 

15 pyridoxine (B-6). pantothenic acid (B-5); folic acid; biotin; para-aminobenzoic acid; 
choline; and inositol. 

A wide variety of organic and inorganic materials may be used to supply the 
phosphorus, potassium, and complex high molecular weight carbon minerals, materials and 
compounds to be converted by the yeast cells into nutrients for use by the yeasts and the 

20 plants. The organic and inorganic materials that may be used in conjunction with the 
present invention include, but not limited to. minerals, such as but not limited to phosphate 
rock or rockphosphate, apatite, phosphorite, sylvinite, halite, camalitite, potassium mica, 
lignite; industrial materials or wastes, such as but not limited to coal-mine waste, weathered 
coal, coal-powder, and hydrocarbon waste; environmental materials and wastes, such as but 

25 not limited to sludge from sewage water treatment plant and land fills, muds, such as turf 
mud. mud from river and lake bed; organic wastes, such as but not limited to waste and 
manure fiom urban areas and animal manure, such as poultry manure, catfle manure, hog 
manure, sheep manure, and guano, waste materials firom plants, waste material from animals 
including fish meal, bone meal, human waste, dried blood, etc.. and products or by-products 
30 fiom fermentation of plant materials containing cellulose, starch and/or other carbohydrates. 

In addition, depending on needs, a disinfectant may be included in the 
biological fertilizer compositions. An enviromnentaUy safe disinfectant is preferred. For 
example, a biological disinfectant, super-CM^, can be used with envitomnental and organic 
wastes, such as waste and manure firom urban areas and animal manure 

35 
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In various embodiments, the biological fertilizer compositions of the present 
invention comprises at least one yeast cell component, and preferably six yeast cell 
components. The inventor discovered that, under certain culture conditions, various yeast 
strams can be induced to exhibit the following six activities: (1) fixation of atmospheric 
nitrogen; (2) decomposition of phosphorus minerals or compounds; (3) decomposition of 
potassium minerals or compounds; (4) decomposition of complex or high molecular weight 
carbon materials or compounds; (5) production of excess growth factonrin an amount that is 
sufflcaent to support the needs of other yeast strains in the fertilizer composidon; and (6) 
production of excess ATP in an amount that is sufficient to support the needs of other yeast 
strams m the fertilizer composition. The culture condition detennines the activity which is 
activated or enhanced in the cultured yeasts. The specific culture conditions for each of the 
SIX activities are described in details in sections 5.1-5.6 respectively. 

According to the invention, a yeast cell component of the biological fertilizer 
^ ^ IS produced by culturing a plurality of yeast cells in an appropriate culture medium in the 
presence of an electromagnetic field. The electromagnetic field can be generated by various 
means well known in the art. A schematic illustration of an exemplary setup is depicted in 
Fig. 1 . The electromagnetic field of a desired fi:equency and amplitude is generated by an 
electromagnetic source (3) which comprises one or more signal generators that are capable 
20 °!!r'''*'"^ ^'^'^tromagnetic waves, preferably sinusoidal waves, inthe fi-equency range of 
100 MHz - 2000 MHz. If desirable, a signal amplifier can also be used to increase the 
output. The electromagnetic field can be applied to the culture by a variety of means 
including placing the culture in close proximity to the signal emitters. In one embodiment 
the electromagnetic field is appUed by electrodes tliat are submerged in the culture (1) In 1 
preferred embodiment, one of the electrodes is a metal plate, and the other electrode 
comprises a plurality of wires configured inside the container (2) so that the energy of the 
electromagnetic field can be evenly distributed in the culture. The number of electrode 
wires used depends on both the volume of the culture and the diameter of the wire. In 
prefeired embodiments, for a culture havmg a volume up to 5000 ml, one electrode wire 
havmg a diameter of betvveen 0.1-1.2 mm can be used for each 100 ml of culture; for a 
ctilture having a volume greater than 1000 1. one electrode wire having a diamet^ of 
between 3-30 nun can be used for each 1000 1 of culture. 

The types of yeasts contemplated for use in the invention include without 
limitation, yeasts of the genera of Saccharomyces, ScJuzosaccharomyces, Sporobolomyces 
'^°"*^opsh,Trichosporon,mckerhamia,Ashbya,Blastom^^^^ 

Crebrothecium, Cryptococcus, Debaryomyces, Endomycopsis; Geotrichum^ Hansenula, 
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Kloeckera, Lipomyces, Pichia, Rhodosporidium. and Rhodotorula. Non-li™ting examples 
of yeast strains include Saccharomyces cerevisiae Hansen, ACCC2034 ACCCOSS 
ACCC2036, ACCC2037, ACCC2038, ACCC2039. ACCC2040, ACCC2041 ACC^042 
AS2.1. AS2.4. AS2.1 1, AS2.14. AS2.16. AS2.56, AS2.69. AS2.70, AS2.93 AS2 98 ' 
AS2.101.AS2.I09.AS2.110.AS2.n2. AS2.139.AS2.173. AS2.174 AS2 'l82 AS2 196 

AS2.242,AS2J36,AS2.346,AS2369,AS2.374.AS2.375.AS2.379.AS2.380;AS2382' 
AS2.390.AS2.393,AS2.395.AS2396.ASZ397,AS2.398.AS2.399.AS2.400,AS2406' 
AS2.408,AS2.409.AS2.413.AS2.414.AS2.415,AS2.416,AS2.422.AS2.4.3AS2430 

10 AS2.486.AS2.501,AS2.502.AS2.503,AS2.504,AS2.516.AS2.535.AS2.536;AS2558 

AS2.631. AS2.666. AS2.982, AS2.1 190. AS2.1364, AS2.1396. IFFI lOOl IFFI 1002 IFFI 
1005. IFFI 1006, IFFI ,008. IFFI ,009, IFFI ,0,0, IFFI 1012, IFFI 1021, JfFI 1027 iVfI 
i037. IFFI ,042. IFFI 1043. IFFI ,045,. IFF, 1048. IFFI ,049. IFFI 1050. IFFI 1052 IFFI 
1059. IFFI ,060. IFFI ,063. IFFI ,202. IFH ,203. IFFI 1206. IFFI ,209. IFFI ,210 ipFI 
1211.IFF1 12,2. IFFI ,2,3.IFFI 12,5,IFn ,220.IFFI ,22,.IFH ,224.IFn ,.47'lFFI 
1251, IFF, 1270. IFFI ,277, IFFI 1287. IFH 1289. IFH ,290. IFH 1291. IFH 129,'lFFI 
1292. IFFI ,293,1FFI 1297. IFFI BOO.IFFI 1301,IFF, 1302.IFn ,307.1Fn mz 
1309.IFFI 13,0.IFFI BH.IFF, ,331,IFFI 1335.IFFI 1336.IFFI ,337 IFFI 1338 ,m 
20 1339,IFF1 1340,IFH 1345.IFFI .348.IFFI 1396.IFF1 1397,IFFI 1399;im HIMF^I " 
1413. ACCC2043. AS2^, AS2.3. AS2.8, AS2.53. AS2.,63. AS2.,68, AS2.483 AS2 541 
AS2.559.AS2.606.AS2.607.AS2.61,.AS2.612;^..^^^^ 
Ab2.13 J, AS2.213; Saccharonryces delbruecM Lindati, AS2285; Saccharoinyces 
delbruecku Lindner ver. mongolicus Lodder, AS2.209. AS2.1 1 57; Saccharonryces exiguus 
25 Hansen. AS2.349. AS2. 1158; Saccharonryces fermerUati (Saito) Lodder et van Rij 
AS2J286, AS2.343; Saccharomyces logos van laer et Denamur ex Joigensen. AS2 'l56. 
AS2.327, AS2.335; Saccharomyces mellis Lodder et Kreger Van Rij, AS2 195- 
Saccharomyces microellipsoides Ostenvalder. AS2.699; Saccharomyces oviformis ' 
Osterwalder.AS2.10(h.Saccharon,ycesro.«LodderetlcregervanRij AS2^87- 
30 &cc^o«^«r.««/Boutro«x. AS2.178, AS2.180. AS2.370, AS2.371; Saccharomyces 
sake Yabe. ACCC2045; Saccharomyces warum Beijer, IFH 1023, IFFI 1032 IFFI 1036 

IFFI1044.IFH1072.IFni205,ffni207;&ccAaro;;^.„H^//i^SacJ^^ ' 
AS2.7. AS2.1 1 9. AS2.1 52. AS2293, AS2.381, AS2.392. ASZ434. AS2.614. AS2.1 189- 
^'='h"^or>rycessp.,AS23U-, Saccharomyces lud^igflB^K^ ' 
AS2.508; Saccharomyces sinenses Yue. AS2.1395: Schizosaccharomyces ociosporus ' 
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Beijerinck, ACCC 2046, AS2.] 148; Schizosaccharomyces pombe Linder. ACCC'7047 
ACCC204S. AS2.248, AS2.249. AS2.255, AS2.257. AS2.259. AS7 960 AS2 274 
AS2.994, AS2.1043, AS2.] 149. AS2.] 178, 1FFI.1056: Sporobolon^yces roseus Kl^er et 
van Niel, ACCC 2049. ACCC 2050. AS2.619. AS2.962. AS2. 1 036; Sporobolomyces 
5 salmonicolor (Fischer et Brebeck) Kluyver ct van Niel. ACCC2051, AS2.261, AS2.26'5- 
rortJopjw W;Vfe(Saito)Lodder, ACCC2052, AS2.270; Torw/opj,^^^ 
(Hamson)Lodder et van Rij. ACCC2053, AS2.685; Torulopsis globosa (Olson et 
Han™er)Lodder et van Rij, ACCC2054. AS2.202; Torulopsis inconspicua Lodder et van 
Rij, AS2.75; Trichosporon behrendoo Lodder et Kreger van Rij. ACCC2055, AS2.1 193; 
10 Trichosporon capitatum Diddens et Lodder. ACCC2056, AS2.1385; Trichosporon 
cutaneum{A^ Beurni et al.)Ota. ACCC2057, AS2.25, AS2.570. AS2!571 , AS2.1374; 
Wickerhamiafluoresens (Soneda) Soneda. ACCC2058, AS2.1388; Ashbya gossypi'i {Mhby 
et Nowell) GuiUennond. ACCC2001. AS2.475, AS2.1 176; Blastomyces dermatitidis 
Gilehrist et Stikes. ID(D 10)23; Candida albicans (Robin) Berkhout, ACCC2002 AS^ 538 
15 ID 16u(Cl)u. ID 61v(Cl)v; Candida arborea, AS1.566; Candida guillermondiiCCasioUani^, 
Langeron et gueixa, AS2.63. ID 2 1 a(C5)a, ID 2 1 b(C5)b; Candida Kmsei (Castellani) * 
Berkhout, AS2.1045; Candida lambica(}.mdn^r et Genoud) van.Uden et Buckley. 
AS2.1 1 82; Candida lipolytica (Harrison) Diddens et Lodder. AS2.1207 AS2 1216 
AS2.1220, AS2.1379, AS2.1398. AS2.1399. AS2.1400; Candida paraLsei dcJ^M^ et 
20 Chalmer) Langeron et Guerra. ID 19 a(C4)a, ID 19 b(C4)b, ID 19 c(C4)c, ID 19 d(C4)d- 
Candida parapsilosis{Asbford) Langeron et Talice. AS2.590; Candida parapsilosis 
(Ashford) et Talice Var.imteimedia Van Rij et Verona, AS2.491 ; Candida pseudoiropicalis 
(Castellani) Basgal, AS2.68, ID64(C3); Candida pulcherrima (Lindner) Windisch. 
AS2.492; Candida robusta Diddens et Lodder, AS2.1 195; Candida rugousa (Andlrson) 
25 Diddens etLoddeer, AS2.511, AS2.1367, AS2.1369, AS2.1372. AS2.1373. AS2.1377. 
AS2.1378, AS2.1 384; Candida tropicalis (Castellani) Berkout, ACCC2004, ACCC2005 
ACCC2006, AS2.1 64. AS2.402, AS2.564, AS2.565, AS2.567. AS2.568. AS2.617 
AS2.637. AS2.1387, AS2.1397. ID 1 7 a(C,)a. ID 17 b(C^b. ID 17 d(Q)d; Candida utilis 
Henneberg Lodder et Kreger Van Rij. AS2.120. AS2.281, AS2.1 180; Citeromyces 
30 rnatritensis (Santa Maria) Santa Maria, AS2.1 401 ; Crebrothecium ashbyii (Guillennond) 

Routein,ACCC2013.ACCC2014,AS2.481,AS2.482.AS2.1197;Cr«p/acccc«rW«//f 
(Kufferath) Skinner. ACCC2007. AS2.1 14. ID 95 (y^; Cryptococcus neoformans 
(Sanfelice) Vuillennn. ID 25 u(D^u. ID 25 v(D>. ID 25 w(D>; D^baryomyces hansenii 
(Zopf) Lodder et Kreger-van Rij. ACCC2010. AS2.45; Debaryomyces kloeckeri 
35 GuiUiennond et Peju, ACCC2008. ACCC2009. AS2.33. AS2.34, AS2.494; Debaryomyces 
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AS2.] U5;Ere>noihedun> ashbyii GuiUiennond; Geotrichun, candidum Lirfc ACCC2016 

5 f f '^'f;^^^'"^'"'" (Hansen) Fanf et al., AS2.363; Geotrich^ robvsj?^. 

5 «a,.,ACCC2017,AS2.621;G...„.A„.^w..(^^^^^ ^S^sl. 
Hcmsenula anomala (Hansen) H et P sydow. ACCC201 8. AS2.294, AS0295 AS2 29fi 
AS2297. AS2.298. AS2.299, AS2300. AS2.302. AS2.338, AS2.339. AS2 3^0 ASo 34, 
AS2.470,AS2.592.AS2.64I,AS2.64,AS2.735.AS2.782,AS2.^^^^^ 
--*''-WFang,AS2.887;/^.„.e«„/./.^„//Wic^^^^^ 

san^nus (KlocM H et P ^dow. ACCC2020, AS2.303; Hansem^la scHne^u (Weber) 
uekker, AS2.304; Hansenula subpelUculosa^^oxA, AS2.740. AS2 760 AS2 761 
AS2.770 AS2.783,AS2.790,AS2.798,AS2.866;^^^^^^^^ 
KIocM Janke, ACCC2021, ACCC2022, ACCC2023, AS2.197, AS2.496. AS2.71 1 

15 rOnf ; ^^^^^-^ ACCC2024, AS2. 1390; P/cA/a/.nW 

(Lindner) Hansen. ACCC2025. ACCC2026. AS2.86, AS2.87. AS2.705. AS2.803- PicMa 
«m*^«.^../e«.Hanse^ 

ACCC2029, AS2.280;jy,orf.r.„./«^;„;^^(Fresenius) ^82 102 

AS2.107.AS2.278,AS2.499,AS2.694,AS2.703,AS2.704 AS2 1146-J?wl 
20 (Saito)Hamson,AS2.277;i?/.^c,/on,/an.6«,-(Demme)Lodder.ACC^^^^ AS221 
ASZ22.AS2.I03,AS2.I05.AS2.,08,AS2.140,AS2.166.ASZ^^^^ 
^Aorforon,/a^/„«/,Lee, AS2.1391; &ccW«;.c.5 baUii Lindner, AS2.312- and 

S-accAoro^^^ car&ier^e;zrf^Hansen,ACCC2032,ACCC2033,AS2 113 AS^ 116 

AS2.417,AS2.420.AS2.440,AS2:441.AS2.443.AS2.444,AS2.459.AS2595 AS^ 605 
AS2.638,AS2.742,AS2.745.AS2.748,AS2.1042. i>2-595. AS2.605, 

^^^^"y^^^^^^^ti^^canbeactivatedaccordingtothepresentbventi^^ 
and a:, ^eluded in the present invention are known to be pathogenic to human and/or other 

l»^"^g"ga^sms,forexample,^.Ai,^go^,7(AshbyetNo^vell)Gm^^^ 
ACC^001,AS2.475, AS2.1176;^W,..e.^e...^^^^^ 

G««rfirfaa/6icm,(Robin)Berkhout.ACC(2002,AS2.538JD]6u(Cl)uID61v(Cl^ ' 
Co«^^a;«^.W/(CastellanietCh^^^ ' 

b(C4)b m 19 c(C4)o, ID 1 9 d(C4)d; (Castellani) Berkout, ID 1 7 a((y a 

35 1 i^''' " '^"^"^ "^'"'^'"^ (S^^ Santa Maria, AS2.14^1 - 

0-e6ro/Aec/««a,A*^7(Guillemiond)Routein.ACCC2013.ACCC2014;^ ' 
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laurentii (Kufferath) Skinner, ACCC2p07, AS2.1 14. ID 95 (y,); Oyptococcua moformam 
(Sanfelice) Vuillemin, ID 25 u(D,)u, ID 25 v(D,)v, ID 25 w(D,)w; Debmyomyces hamenii 
(Zopf) Lodder et Kreger-van Rij, ACCC2010; Debaryomyces Kloeckeri Guilliermond et 
Peju, ACCC2008, ACCC2009; Debaryomyces sp., ACCC201 1, ACCC2012; Endomycopsis 
5 fibuHgera (Lindner) Dekker, ACCC2015, AS2.1 145. Under certain circumstances, it may 
be less preferable to use such pathogenic yeasts in the biological fertilizer of the invention, 
for example, if such use in an open field may endanger the health of human and/or other 
living organisms. 

Yeasts of the Saccharomyces genus are generally prefenred. Among strains 
10 oi Saccharomyces cerevisiae. Saccharomyces cerevisiae Hansen is a preferred strain. The 
most prefenred strains of yeast are Saccharomyces cerevisiae Hansen strains having 
accession numbers AS2.501, AS2.535, AS2.441. AS2.406. AS2.382, and AS2.16 as 
deposited at the China General Microbiological Culture Collection Center (CGMCQ. 
Generally, the yeast strains can be obtained from private or public laboratory cultures, or 
publically accessible culture deposits, such as the American Type Culuire Collection, 10801 
University Boulevard, Manassas, VA 2011 0-2209 and the China General Microbiological 
Culture Collection Center (CGMCC), China Committee for Culture Collection of 
Microorganisms, Institute of Microbiology, Chinese Academy of Sciences, Haidian, P.O. 
Box 2714, Beijing, 100080, China. 

20 

Although it is prefenred, the preparation of the yeast cell components of the 
invention is not limited to starting with a pure strain of yeast. Each yeast cell component 
may be produced by culturing a mixture of yeast cells of different species or strains. The 
constituents of a yeast cell component can be determined by standard yeast identification 
techniques well known in the art. 

25 

Some yeasts may perform one of the desired fimctions more efficiently than 
others. The ability of any species or strain of yeast to perform one of the six desired 
fimctions before or after culturing under the conditions of the invention can readily be tested 
by methods known in the art For example, the amount of nitrogen fixed can be determined 
by a modified acetylene reduction method as described in U.S. Patent No. 5,578,486 which 
is incorporated herein by reference in its entirety. The modified acetylene reduction method 
determines the amount of nitrogen fixed by measuring the decrease in molecular nitrogen in 
a volume of air. The amount of m'trogen fixed can also be detennined by measurement of 
the ammonia and nitrates produced by the yeast cells (see, for example, Grewlmg et aL, 
35 1965, Cornell Agr Exp Sta Bull 960:22-25). For the other fimctions, the amount of 
phosphonis available to plants as a result of conversion from insoluble or biologically- 
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unavailable phosphors compounds can be detennined by the molybdenum blue method 

(see.forex.ampl,Mutphyetal.,,962,AnalyU.ChimicaActa2^ 

abso:pt,on method; whereas the amount of available potassium converted from insoluble or 

Ch«n 69 868-870). The abhty of the yeasts to supply plant available N. P. and K after the 

^olog.calfe.h.rcompositionhas been added to soil can be tested by mayt.^^^ 
Ln.vnmthea..Pore.ampl,plant-availab,eammo^^ 

ye^cellsmso.ca„beextrac.edand,uantitativelyana,yzedbytheMorg^ 
system (sec. for example. Lunt et ah, 1950. Conn Agr Exp Sta Bull 541) 

the culture T'"^ ^""^ " ''^l-ves that 

the cultu. cond,t,ons act.vate and/or enhance the expression of a gene or a set of genes in 

^thattheyeastcellsbecomeactive^^ 

^''°''*'"^'°''^'^""'"''°"''^^b'°'°gi-^'fertilizercompoa 
aneastoneye^tcell component capableof performing oneoftbefoll^^ 
fi-ct.ons:(l)fixationofatmosphericnitrogen;(2^ 

biologically-unavailable phosphorus minerals or compounds present in the fertilizer 

complexorh,ghmolecularweightcarbonmaterialsorcompoundspresentinthefertili.er " 
composiUon or in soil; (5) production of excess growth factor, in an amot«t that is 

sufficient to support the needs of other yeast strains in the fertilizer composition; and (6) 
^ducUonofcxcessATPinanamountftatissufficienttosupporttheneed^ 

stramsmfl^eferttUzer composition, h^preferred embodiments, the biological fertili^^^ 
composttrons can comprise from one yeast strain to up to six different yeast species or 

^t^.^dic^turedunderspe,iiicconditionstoinduceormaximizeit3ab^^ 
therespecttveiunctions. It will be understood that alternative formulations are also 

30 """"^'"^^^'^^''^^^^^^-^^^--POsMonmayomitoneormore 
ofthe above-descnl^d yeast cell components. For exa^^^^^ 

available phosphorus a fertilizer composition may be formulated to lack the component 
consistmg of phosphorus compom^ds-decomposfag yeast. In the most preferred 
embodunents of the present invention, a biological fertilizer composiUon that contains aU 

^-^-^-"-mponentsas well astheorganicand/orinorganicsubstratesiscontempla^^ 
In another embodiment of the invention, where the yeast cells of the various 
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yeast cell components are present in a mixture, the yeast cells can be cultured under certain 
conditions.such that the yeast cells with different functions can supply each other with 
and/or rely on each other for nutrients and growth factors. As a result, a symbiosis-like 
relationship is established among the various yeast cell components in the fertilizer 
5 compositions of the invention. This culturing process is optional but can improve the 
stability and efficiency of the biological fertilizer such that the fertilizer is made more 
suitable for long temi use in natural soil enviromnents. The culturing conditions for this 
optional process are described in Section 5.7. 

In yet another embodiment of the invention, the yeast cells may also be 
1 0 cultured under certain conditions so as to adapt the yeast cells to a particular type of soil 
This culturing process is optional, and can be applied to each yeast cell component 
separately or to a mixture of yeast cell components. The result is better growth and survival 
of the yeasts in a particular soil enviromnent. The culturing conditions for this optional 
process are described in Section 5.8. 
15 As used herein, the biological fertiUzer composition supports or enhances 

plant growth, if in the presence of the biological fertilizer in the soil, or applied to the looti 
stems, leaves or other parts of the plant, the plant or a part of the plant gains viability, size ' 
weight, rate of gemiination. rate of growth, or rate of maturation. Thus, the biological 
fertilizer compositions have utility in any kind of agricultural, horticultural, and forestry 
20 pracUces. The biological fertilizer compositions can be used for large scale commercial 
fanning, in open fields or in greenhouse, or even in interiors for decorative plants. 
Preferably, the biological fertilizer is used to enhance the growth of crop plants, such as but 
not limited to cereal crops, vegetable crops, fruit crops, flower crops, and grass crops. For 
example, the biological fertilizer may be used with wheat, barley, com, soybean, rice, oat 
potato, apple, orange, tomato, melon, cheny, lemon, lettuce, carrot, sugar cane, tobacco, ' 
cotton, etc. * 

The biological fertilizer compositions may be appUed in the same manner as 
conventional fertilizers. As known to those skilled in the relevant art, many methods and 
appliances may be used. In one embodiment, culture broths of the yeast stiBins of the 
present invention are applied directiy to soil or plants, hi another embodiment, dried 
powders ofthe yeast strains ofthe present invention are applied to soil orplan^. hi yet 
another embodhnent, mixtures ofthe yeast ceU components and organic and morganic 
substrate components ofthe present invention are applied to soil or plants. The biological 
fertilizer compositions may be appUedto soil, by spreaders, sprayers, and other mechanized 
means which may be automated. The biological fertilizer compositions may be appUed 
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d.rect,y to plants, for example, by soaking seeds and/or roots, or spray.ng onto leaves Such 
apphcat,o„.may be made periodically, such as onceper year, or per growing season or 
morefrequentlyasdesired. ll^e biological fertilizer compositions ofthe invention :an also 
^ be used in conjunction or in rotation with other types of fertUizers. 

^""^^^'^-^P^^^ti-^ly in Sections 5.1 -5.6 are the yeast cell components 
used for nurogen fixation, pho^horus compound decomposition.potassium compound 
decompos...on, complex carbon compound decomposition, growth factors production, and 

ATP product,on.Methodsforpreparing each yeast cell componentsaredescribed. Section 

m a fertilu^er composition of the invention. Section 5.8 describes methods for adapting 
yeast cells of the invention to a particular type of soil. Section 5.9 describes the 

manufectureof the biological fertilizer compositions. Methods for the preparationof 
orgamc and inorganic raw materials and for the manufacture of the biological fertilizer 

'-'-^-8mixing,dxying,cooling,andpacking,arealsodescribed. In various embodiments 
of the mvention, standard techniques for handling, transferring, and storing microorganisms 
are used. Although it is not necessary, sterile conditions or clean envin.nmeats are desirable 
when carrying out the processes of the invention. 

20 5.1. NITROGEN-FIXING YEAST CELL COMPONENT 

^'*^°e"°fi''^*i°"»«^P^°'^«s whereby atmospheric nitrogen is converted 

mtoammomaandmtrates. Closeto SOOspeciesofnaturallyoccurringmicroorganism^ 
mostly bacteria and cyanobacteria, from more than 70 genera have been found to be abli to 

fixmtrogen. Some of the nitirogen-fixing micnK>rganisms, such as ^A&o6o««, form 
25 ^b,ot,cassociationwithplants,especiallyintherootoflegumes. Others. sJch as 
Azotobacter, are free-living and capable of fixing nitrogen in soil. 

In the present invention, the ability of yeast to fix nitrogen is activated or 
enhanced, and the resulting nitrogen-fixing yeast cells can be used as a component of the 
biological fertilizer composition of the invention. 

30 to the invention, yeast cells that have an enhanced abihty to fix 

mtrogenarepreparcdlyculturingthecellsintiiepresenceofanelectromagneticfieldin^ - 
appropnale culture medium. Tie frequency of the electromagaetic field for activaUn. or 
enhaacm^ 

1000 MHz. After ti.e yeast cells have been cultured for a sufficient period of time, the cells 
35 «^»bet«^edfortheirabililytofixnitn>genbymethodsweUknownintheart 
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The method of (he invention for making the nitrogen-fixing yeast cells is 
earned out m a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose 
fructose, dextrose, mahose, xylose, and the like a.d starches, can be used either alone or in 
combmauon as sources of assimilable carbon in the culture medium. The exact quantity of 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but. in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0 5% 
and 2%. andmostpreferably about 1%. These carbon sources can be used individually, or 
0 several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, potassium, calcium, phosphate, sulfate 
carbonate, and like ions. Non-limiting examples of nutrient inorganic salts are CaCO ' 
KH2PO4, MgSO^. NaCl. and CaS04. " 



Medium Composition 


Quantity 


KHjPO, 


0.2g 


KjHPO^ 


0.2g 


MgS04.7H20 


0.25g 


CaCOj'SHjO 


3.5g 


CaS04.2H20 


03g 


NaCl 


0.25g 


Yeast esxtract paste 


0.3g 


Sucrose- 


12.0g 


Distilled water or autoclaved water 


lOOOml 



20 



25 



30 



It should be noted that the composition of the media provided in Table I is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skiUed in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

'"'^P^o'^ess is initiated by inoculating each 1 00ml ofmedium with 1ml of an 
moculum of the selected yeast strain(s) at a cell density of 10^-10* cell/ml. preferably 3x10^- 



-16- 



BNSOOaa <WO_0220431A1J_, 



wo 02/20-I3J 



PCT/CBOO/03399 



cell/ml The process can be scaled up or down acconling to needs. The yeast culture is 

g.o..fora.boutl2-24hours.preferablyforabout24hours,inthepresenceofa„ 
electron^a^etic field. TT.e electromagnetic field, which can be applied by any n^eans 
k^v™ n. the ^ has a firequency in the range of 860 to 870 MHz, preferably at about 865 

865.572 MHz. The amplitude ofthe field is in the range of 1000.2000mV. p^^ferablyat 
about 1250mV. After. .is first period of cult^. the yeast cells are fi,.heri^^^^^^^^^ 
substantially the same conditions for approximately another 24 hours, except that the 
amphtudeisincreasedtoahighcrlevelinthe.^^^ 

4656mV. An exemplary set-up of the culture process is depicted in Figure 1. Theprocess 
Of the invention ,s carried out at temperatures ranging from about 250 to 30^0 however it 

isp«ferabletocond«cttheprocessat28-C. Tl^e culturing process may prefe^bly be ' 
conductedundero^^^^^^^ 

0.025to0.8mol/m3.preferably0.4mol/m^ The oxygen level can be controlled by any 



At the end of the culturing process, the nitrogen-fixing yeast cells may be 

ZT ™ "^^^"^ ""^^ ^" *^ ^^--^ a temperature 

20 ptLtr "--^'-bedriedandstoLin 

the- .T. to test thecultured yeast ceUsfor 

the. ab.hty to fix mtrogen. For example, a modified acetylene reduction method for 
measunng nitrogen fixed by microorganisms is used to evaluate the nitrogen-fixing 

25 7^^^:77:r'''^" ^-^onmethodisdescribedm 
U.S.P tentNo.5,578.486whichisincorporatedhereinbyreferenceinits.entirety. For 
examp e, , ml of the prepared yeast culture is inoculated into 30 ml of a medium according 

20-28 C for 24-56 hours in the presence of air containing about 200/0 by volume o^^^^ 
80/abyvolumemtrogen. Tl^e amount of nitrogen fixed can then be determined by 
measurrngthedecreaseinnitrogenfromtheairbyanyrneansknowni^ 

notlm^ted to gas chromatography. TTie amount of nitrogenfixed by theyeastceUs of the 
invention is atleast about 1 Omg for each gram ofyeast dry weight For example, after 
acti vation, the amount of nitrogen fixed by Saccharornyces cerevisiae Hansen strain 
AS2.501, can reach about 11200 me/a 

35 
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5.2. PHOSPHORUS-DECOMPOSING YEAST CELL COMPONENT 
: The phosphorus compound-decomposing (P-decomposing) yeast of the 
invention converts insoluble or biologically-unavailable phosphorr^s-containing substances 
such as rock phosphate, into soluble phosphorous compounds so that they become available' 
5 to plants. 

In the present invention, the ability of yeast to decompose insoluble 
phosphorus-containing substances is activated or enhanced, and the resulting P- 
decomposing yeast cells can be used as a component of the biological fertilizer composition 
of the invention. 

10 According to the invention, yeast cells that are capable of P-decomposing are 

prepared by culturing the cells in the presence of an electromagnetic field in an appropriate 
culture medium. The frequency of the electromagnetic field for activating or enhancing P- 
decomposition in yeasts can generally be found in the range of 300 MHz to 500 MHz. After 
the cells have been cultured for a sufficient period of time, the cells can be tested for their 
15 ability to decompose phosphorus-containing substances by methods well known in the art. 

The method of the invention for making the P-decomposing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose, 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
20 combination as sources of assimilable carbon in the culture medium. The exact quantity of ■ 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
between about O.l'/. and 5% by weight of the medium and preferably between about 0.5% 
and2%, and most preferably about 1.5%. These carbon sources can be used individually, or 
25 several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, potassium, calcium, sulfate, carbonate, and 
like ions. Non-limiting examples of nutrient inorgamc salts are CaCOj, MgSO^. NaCl, and 
CaSO^. Insoluble phosphorus-containing substances in a suitable form are also included in 
30 the media. Non-limiting examples include powder of rock phosphate of ^ 200 mesh. Other 
insoluble phosphorus-containing substances can also be used either separately or in 
combination. 



Table II: Composition for a culture medium for P-decomposmg yeast 
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10 



Medium Composition 


Quantity 


Sucrose 


15g 


NaCJ 


1.2g 


MgSO,.7HjO 


0.2g 


CaCOj.SHjO 


3.0g 


CaSO^'ZHp 


0.3g 


KNO3 


0.3g 


Yeast extract paste 


0.5g 


Rock phosphate 


1.2g; Powder of > 200 mesh 


Autoclaved water 


1000ml 



15 



It should be noted that the composition of the media provided in Table II is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media componaits. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 
inoculum of the selected yeast strainCs) at a cell density of 10^-10^ cell/ml, preferably 3x10^- 
10^ cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
grown for about 12-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
known in the art, has a frequency in the range of 360 to 370MHz. preferably at about 
366MHz. more preferably in the range of 366.199 to 366.287MHz, and most preferably at 
366.243 MHz. The amplitude of the field is in the range of 1 000 to 200QmV, preferably at 
about 1230mV. After this first period of culture, the yeast cells are further incubat^ under 
substantially the same conditions for approximately another 24 hours, except that the 
amplitude is increased to a higher level in the range of 4000 to 5000 mV, preferably to 
about 4570 mV. An exemplary set-up of the culture process is depicted in Figure 1. The 
process of the invention is carried out at temperatures ranging from about 25° to 30''C; 
however, it is preferable to conductthe process at 28°C. The culturing process may 
preferably be conducted under conditions in which the concentration of dissolved oxygen is 
between 0.025 to 0.8 mol/m^ preferably 0.4 moVm\ The oxygen level can be controlled by 
any conventional means known to one skilled in the art. including but not limited to stirring 
35 and/or bubbling. 



30 
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At the end of the culturing process, the P-decomposing yeast cells may be 
recovered from the culture by various methods known in the art, and stored at a temperature 
below about 0°C to 4 "C. The P-decomposing yeast cells may also be dried and stored in 
powder form. 

5 Any methods known in the art can be used to test the cultured yeast cells for 

their ability to decompose insoluble phosphorus-containing substances. In one embodiment 
1 ml of the prepared yeast culture is inoculated into 30 ml of a medium according to Table ' 
II. The culture is incubated at a temperature in the range of 20-28 »C for 24-56 hours. The 
amount of biologically available phosphorus in the fonn of PO,'- in the culture can then be 

10 determined by any methods known in the art, including but not limited to UV absorption 
spectroscopy. The amount of PO,^" in the culture is increased by at least lOmg for each 
gram of yeast dry weight. For example, after activation, the amount of PO,^" in a culture of 
Saccharomyces cerevisiae Hansen strain AS2.535 is increased to about 4460 mg/g. 



15 



5.3. POTASSIUM-DECOMPOSING YEAST CELL COMPONENT 

The potassium compound-decomposing (K-decomposing) yeast of the ' 
invention converts insoluble potassium-containing substances, such as potassium mica, into 
soluble potassium so that they become available to plants. 

In the present invention, the ability of a plurality of yeast cells to decompose 
20 msoluble potassium-containing substances is activated or enhanced, and the resulting K- 
dccomposing yeast cells can be used as a component of the biological fertilizer composition 
of the invention. 

According to the present invention, yeast cells that are capable of K- 
decomposing are prepared by culturing the cells in the presence of an electromagnetic field 
25 man appropriate culture medium. Hie frequency of the electromagnetic field for activating 
or enhancing K-decomposition in yeasts can generally be found in the range oflOO MHz - 
300MH2. After the yeast cells have been cultured for a sufScient period of time, the cells 
can be tested for their ability to decompose potassium-containing substances by methods 
well known in the art. 

of the invention for making the K-decomposing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose, 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combination as sources of assimilable carbon in the culture medium. The exact quantity of 
35 the carbohydrate source or sources utilized in the medium depends in part upon the other 
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ingredients Of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and S'/o by weight of the medium and preferably between about 0 5% 
and 2%. and most preferably about 1.5%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium. 
5 Among the inorganic salts which can be incorporated in the culture media arc 

the customary salts capable of yielding sodium, calcium, phosphate, sulfate," carbonate, and 
like ions. Non-limiting examples of nutrient inorganic salts are (NH,)jHPO, CaCO 
MgSO^ NaCl. and CaSO,. Insoluble potassium-containing substances in a suitable La are 
also included in the media. Non-limiting examples include powder of potassium mica of . 
200 mesh. Other insoluble potassium-containing substances can also be used either 
separately or combined. 



Table m: Composition for a cultur e medium for K-decomposing yeast 
Medium Composition 
SuCTose 



15 



NaCl 


1.2g 


MgSO,.7H20 


0.2g 


CaC03.5HjO 


3.0g 




0.3g 


(NH,),HP04 


0.3g 


Yeast extract paste 


0.3g 


Potassium mica 


1.2g, Powder of > 200 mesh 


Autoclaved water 


1000ml 



20 



25 



It should be noted that the composition of the media provided in Table m is 
not intended to be limiting. Various modifications of the culture medium may be made by 

«hoseskilledintheart.inviewofpracticalandeconomicconsideiations,5Uchasthescale 
^" ofculture and local supply of media components. 

The process is initiated by inoculating each 1 00ml of medium with Iml of an 

inoculum of the selected yeast strain(s) at a cell density of 10^-10* cell/ml, preferably 3x10^- 

10* celVml. The process can be scaled up or down according to needs. The yeast culture is 

grown for about 1 2-24 hours, preferably for about 24 hours, in the presence of an 

electromagnetic field. The electromagnetic field, which can be applied by any means 
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known in the art. has a frequency in the range of 250-260MH2, preferably at about 
255MHz, more preferably in the range of 255.388 to 255.462 MHz, and most preferably at 
255.425 MHz. The amplitude of the field is in the range of 1 000-2000mV, preferably at 
about 1340mV. After this first period of cuhure. the yeast cells are further incubated under 

5 substantially the same conditions for approximately another 24 hours, except that the 
amplitude is increased to a higher level in the range of 4000-5000 mV, preferably to about 
4850 mV. An exemplary set-up of the culture process is depicted in Figure 1 . The process 
of the invention is carried out at temperatures ranging from about 25° to 30°C; however, it 
is preferable to conduct the process at 28 "C. The culturing process may preferably be ' • 

10 conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/m^ preferably 0.4 mol/m^ The oxygen level can be controlled by any 
conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

At the end of the culturing process, the K-decomposing yeast cells may be 
1 5 recovered fi-om the culture by various methods known in the art, and stored at a temperature 
below about 0-4 °C. The K-decomposing yeast cells may also be dried and stored in 
powder form. 

Any methods known in the art can be used to test the cultured yeast cells for 
their ability to decompose insoluble potassium-containing substances. In one embodiment, 

20 1 ml of the prepared yeast culture is inoculated into 30 ml of a medium according to Table' 
III. The culture is incubated at a temperature in the range of 20-28''C for 24-56 hours. The 
amount of biologically available potassium in the form of K* in the culture can then be 
detemiined by any methods known in the art. including but not limited to atomic absorption 
spectrometry. The amount of K* in the culture is increased by at least 10 mg for each gram 

25 of yeast dry weight. For example, after activation, the amount of K* in a culture of 
Saccharomyces cerevlsiae Hansen strain AS2.441 can reach about 4050 mg/g. 

5.4. COMPLEX CARBON-DECOMPOSING YEAST CELL 
COMPONENT 

30 carbon-decomposing (C-decomposing) yeast of the invention converts 

complex, usually high molecular weight, carbon compounds and materials, such as 
cellulose, into simple carbohydrates, such as pentoses and hexoses. Such simple 
carbohydrates are utilized by other yeast cells to support their growth and activities. 

In the present invention, the ability of yeast to decompose complex carbon 
compounds veiy efficiently is activated or enhanced, and the resulting C-decomposing yeast 
ceUs can be used as a component of the biological fertilizer composition of the invention. 
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According to the present invention, yeast cells that are capable of C- 
decomposition are prepared by culturing the cells in the presence of an electromagnetic field 
m an appropriate culture medium. The frequency of the electromagnetic field for C- 
decomposition in yeasts can generally be found in the range of 1 000 MHz -1200 MHz. 
5 After the yeast cells have been cultured for a sufficient period of time, the ceUs can be tested 
for their ability to decompose complex carbon compounds by methods weU known in the 
art. 

The method of the invention for making the C-decomposing yeast cells is 
carried out ma liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. Complex carbon-containing substances such as cellulose, coal, etc in a 
suitable form can be used as sources of carbon in the culture medium. TTie exlct quantity of 
the carbon source or sources utilized in the medium depends in part upon the other 
mgredients of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of die medium and preferably between about 0 1% 
andl»/o,andmostpreferablyabout0.5%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated m the culture media are 
the customary salts capable of yielding sodium, calcium, phosphate, sulfate, carbonate, and 
like ions. Non-limiting examples of nutrient inorganic salts are (NH.\HPO CaPO 
20 MgSO„NaCl,andCaSO,. " " 



1 Medium Composition 


1 Quantity 


Cellulose 


5.0g; Powder of > 100 mesh 


NaCl 


0.6g 


MgS04.7H20 


03g 


CaCOj-SHjO 


1.5g 




0.4g 


(NH4)jHPO, 


0.3g 


Yeast extract paste 


0.5g 


KjHPO^ 


0.5g 


Autoclaved water 


1000ml 



25 



30 



35 
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It should be noted that the composition of the media provided in Table IV is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art. in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 
5 The process is initiated by inoculating each 100ml of medium with I ml of an 

inoculum of the selected yeast strain(s) at a cell density of 1 0^-10^ cell/ml. preferably 3x10^- 
lO^cell/ml. Theprocesscanbescaledupordownaccordingtoneeds. He yeast culture is 
grown for about 12-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. H^e electromagnetic field, which can be applied by any means 
known m the art, has a frequency in the range of 1087-1097MH2, preferably about at 1092 
more preferably in the range of 1092.346 to 1092.428MH2, and most preferably at 1092.387 
MHz. The amplitude used can be in the range of 1 000-2000mV, preferably at about 
1530mV. After this first period of culture, the yeast cells are further incubated under 
substantially the same conditions for approximately another 24 hours, except that the 
amphtude is increased to a higher level in the range of 4000-5000 mV, preferably to about 
4720mV. An exemplary set-upofthecuItureprocessisdepictedinFigurel. Theprocess 
of the mvention is carried out at temperatures ranging from about 25-> to 30«C- however it 
ispreferabJetoconducttheprocessat28''C. The culturing process may preferably be ' 
conducted under conditions in wWch the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/m3, preferably 0.4 mol/m'. The oxygen level can be controlled by any 
conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

At the end of the culturing process, the C-decomposing yeast cells may be 
recovered from the culture by various methods known in the art. and stored at a temperature 
25 below about 0-4 «C. n,e C-decomposing yeast cells may also be dried and sto«d in • 
powder fomi. 

Any methods known in the art can be used to test the cultured yeast cells for 
thear abihty to decompose complex-carbon containing substances. In one embodiment. 1 ml 
of the prepared yeast culture is inoculated into 30 ml of a medium according to Table IV. 
30 lie culture is incubated at a temperature in Ae range of20-28°C for 24-56 hours The 
amount of sunple carbohydrates in the culture can then be determined by any metiiods 
known in the art, including but not limited to chromatography and molecular fluorescence 
spectroscopy. Preferably, the amount of simple carbohydrates in the culture is increased by 
atleastlOmgforeachgramofyeastdiyweight. For example, after activation, the amount 
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Of simple carbohydrates in a culture of Saccharomyces cerevisiae Hansen AS2.406 can 
reach 27200 mg/g. 

5.5. GROWTH FACTORS PRODUCING YEAST CELL COMPONENT 
5 The growth factors producing (GP-producing) yeast of the present invention 

produces vitamins and other nutrients, such as but not limited to. vitamin B-1, riboflavin 
(vitamin B-2), vitamin B-12, niacin (B-3), pyridojdne (B-6), pantothenic acid'(B-5), folic 
acid, biotin, para-aminobenzoic acid, choline, inositol, in such amomits that can support the 
gro\vth of other yeast strains. Such growth factors are produced by yeast during the 
fermentation process. 

In the present invention, the ability of yeast to overproduce growth factors is 
activated or enhanced, and the resulting GP-producing yeast cells can be used as a 
component of the biological fertilizer composition of the invention. 

According to the present invention, yeast cells that are capable of GP- 
15 producing are prepared by culturing the cells in the presence of an electromagnetic field in 
an appropriate culture medium. The frequency of the electromagnetic field for acUvating or 
enhancmg GP-production in yeasts can generally be found in the range of 1300 MHz -1500 
MHz. After the yeast cells have been cultured for a sufficient period of time, the cells can 
be tested for their ability to produce gro^yth factors by methods well known in the art. 

The method of the invention for making the GP-producing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose, 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combination as sources of assimilable carbon in the culture medium. The exact quantity of 
25 the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0.5% 
and 2%, and most preferably about 0.8%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium 

30 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, calcium, phosphate, sulfate, carbonate, and 
like ions. Non-liniitmg examples of nutriait inorgamc salts are NH4NO3, K^HPO^, CaCO , 
MgS04,NaCl,andCaS04. 

35 

Table V: Composition for a culture medium for GP-producing yeast 
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Medium Composition 


Quantity 


Starch " 


8.0g; Powder of > 120 mesh 


NaCl 


0.3g 


MgS0,'7H,0 


0.2g 


CaCOj.SHzO 


0.5g 


CaS04.2H20 


0.2g 


NH4NO3 


0.3g 


KjHPO^ 


0.8g 


Autoclaved water 


lOOOral 



It should be noted that the composition of the media provided in Table V is 
not intended to be limiting. Various modifications of the culture medium may be made by 
1 5 those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 
inoculum of the selected yeast strain(s) at a cell density of 10^-10^ cell/ml, preferably 3x10^- 
1 0" cell/ml. The process can be scaled up or down according to needs. The yeast culture is 

20 grown for about 12-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
known in the art, has a frequency in the range of 1382-1392MH2, preferably at about 
1387MHz, more preferably in the range of 1387.517 to 1387.595 MHz, and most preferably 
at 1387.556 MHz. The amplitude used can be in the range of 1000-2000mV, preferably at 

25 about 1620mV. After this first period of culture, the yeast cells are further incubated under 
substantially the same conditions for approximately another 24 hours, except that the 
amplitude is increased to a higher level m the range of 4000-5000 mV, preferably to about 
4830 mV. An exemplary set-up of the culture process is depicted in Figure 1. The process 
of the invention is carried out at temperatures ranging fi-om about 25 to SO'^C; however, it 

30 is preferable to conduct the process at 28°C. The culturing process may preferably be 
conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/m^ preferably 0.4 mol/ml The oxygen level can be controlled by any 
conventional means known to one skiUed in the art, including but not limited to stining 
and/oi bubbling. 
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At the end of the culturing process, the GP-producing yeast cells may be 
recovered from the culture by various methods Wvn in the art. and stored at a temperature 

belowaboutO-4 X. The GP-producmg yeast cells may also be dried and stored in powder 

fonn 



Any methods knoAvn m the art can be used to test the cuhured yeast cells for 
then- ability to overproduce growth factors. In one embodiment, 1 ml of the prepared yeast 
culture ^s inoculated into 30 ml of a medium according to Table V. The culture is incubated 
at a temperature in the range of 20-28''C for 32-48 hours. The amount of growth factors as 
represented by the total amount of vitamin Bl, B2, B6, and B12 in the culture can then be 
determined by any methods known in the art, mcluding but not limited to high perfonnance 
bqmd chromatography (HPLC). TTie amount of growth factors in the culture is increased by 
at least 10 mg for each gram of yeast dry weight For example, after activation, the amount 
of vitamin Bl. B2, B6. and B12 in a culture of Saccharon^ces cerevisiae Hansen AS2.382 
can reach an aggregate of 6120 mg/g. 
15 . 

5.6. ATP-PRODUCING YEAST CELL COMPONENT 
The ATP-producing yeast of the present invention is capable of 
overproducing ATP in such amounts that can support the growth of other yeast strains in the 
biological fertilizer composition. 

20 ^'^^^P^^'^tinvention.theabilityofyeasttooverproduceATPisactivated 
or enhanced, and the resulting ATP-producing yeast cells can be used as a component of the 
biological fertilizer composition of the invention. 

According to the present invention, yeast cells that are capable of enhanced 

ATP-productionarepreparedbyculturingthecellsinthepresenceofanelectricfieldinan 
appropriate culture medium. The frequency of the electromagnetic field for activating or 
enhancmg ATP-production in yeasts can generaUy be found in the range of 1 600 MHz - 

1800MHz. AftersufBcienttimeisgivenforthecellstogrow.thecellscanbetestedfor 
then- enhanced ability to produce ATP by methods well known in the art 

The method of the invention formaMng the ATP-producing yeast cells is 
earned out in aliquid medium. Hie medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose 
fiuctose. dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combmation as sources of assimilable carbon in the culture medium. The exact quantity of 
^ the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
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between about 0.1% and 5% by weight of the medium and preferably between about 0.5% 
and 2%, and .most preferably about 0.8%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, calcium, phosphate, sulfate, carbonate, and 
like ions. Non-limiting examples of nutrient inorganic salts are (NH4)2HP04, CaCOa, 
MgS04, NaCl, and CaSO^. 

Table VI: Composition for a culture medium for ATP-producing yeast 



Medium Composition 


Quantity 


Starch 


lO.Og 


NaCl 


0.2g 


MgSO^.THjO 


0.2g 


CaCOj-SHp 


0.8g 


CaS04«2H20 


0.2g 


NH4NO3 


0.2g 


KjHP04 


0.5g 


Autoclaved water 


lOOOml 



15 



20 



It should be noted that the composition of the media provided in Table VI is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 

25 of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 
inoculum of the selected yeast strain(s) at a cell density of 1 0^-1 0* cell/ml, preferably 3x1 0^- 
10* cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
grown for about 12-24 hours, preferably for about 24 hoitts, in the presence of an 

30 electromagnetic field. The electromagnetic field, which can be applied by any means 
known in the art, has a fiwjuency in the range of 1690-1700MH2, preferably at about 
1694MHz, more preferably in the range of 1694.328 to 1694.402 MHz; and most preferably 
at 1694.365 MHz. The amplihide of the field is in the range of 1000-2000mV, preferably 
at about 1 470mV. After this first period of culture, the yeast cells are further incubated 

35 under substantially the same conditions for approximatdy another 24 hours, except that the 
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ampl.tude ,s increased to a higher level in the range of 4000-5000 mV, preferably to about 
4780 mV. An exemplary set-up of the culture process is depicted in Figure 1. The pn^cess 
of the invention is earned out at temperatures ranging from about 25° to SO'C- however it 
IS preferable to conduct the process at 28°C. TT^e culturing process may preferably be ' 
conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 moVm\ preferably 0.4 moUm\ The oxygen level can be controlled by any 
conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

^**^^^"'^'>f*«'="'t«ringP«'cess, the ATP-producmg yeast cells may be 
recovered from the culture by various methods known in the art, and stoi^ at a temperature 
below about 0-4 °C. The ATP-producing yeast cells may also be dried and stored in 
powder form. 

Any methods known in the art can be used to test the cultured yeast cells for 
the.r ability to overproduce ATP. In one embodiment, 1 ml of the prepared yeast culture is 
moculated into 30 ml of a medium according to Table VI. The culture is incubated at a 
temperature in the range of 20-28»C for 36-56 hours. The amount of ATP in the culture can 
ften be determined by any methods known in the art. including but not limited to HPLC 
The amount of ATP produced is increased by at least about 10 mg for each gram of yeast 
dryweight. For example, after activation, the amount of ATP produced in a culture of 
Saccharomyces cerevisiae Hansen strain AS2.16 can reach about 3320 mg/g. 

S.7. FORMATION OF SYMBIOSIS-LIKE RELATIONSHIPS 

In another embodimemt of the present invention, yeast strains with the newly 
activated or enhanced ability to fix nitrogen, decompose phosphonis-containing minerals or 
compounds, decompose insoluble potassium-containing minerals or compomids. and 
decompose complex carbon materials as described in Sections 5.1-5.4 are combined and 
cultured so that they form a symbiosis-like relationship whereby they can grow together 
vathout substantially relying on outside supplies of biological available nitrogen 
Phosphorus,potassium.andcarbonnutrients. lie nutrients needed for growth a^ suppUed 

^0 by the respective nutrient-producing yeast strain within the fertilizer composition by 

convertingbiologically-unavailablenutrientsfromvarioussources into available nutrients 
TTie activity of each of the yeast strains in producing the respective types of nutrient relates 
m part to the needs of other yeast cells as wdl as the plants. As a result, soluble. 
biologicaUy-available nutrients will be converted when needed, thereby avoiding excess 

J5 losses due to, for example, leaching. 
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The optional process which can be used to improve the performance of the 
biological fertilizer is described as follows. Four strains of yeasts prepared according to 
Sections 5.1-5.4 are mixed and cultured in the presence of an electromagnetic field in an 
appropriate liquid medium. The medium contains nitrogen, phosphorus, potassium, and 

5 carbon nutrients in biologically unavailable fonns. As non-limiting examples, atomospberic 
nitrogen is used as the source of nitrogen nutrient, powder of phosphate rock is used as the 
source of phosphorus nutrient, powder of potassium mica is used as the source of potassium 
nutrient, and powdered cellulose is used as the source of complex carbon nutrient. Other • 
forais of insoluble phosphorus- and potassium-containing substances and complex carbon 

1 0 compounds may also be used in place of or in combination with any of the above-identified 
minerals as sources of phosphorus, potassium, and carbon nutrients. Among the inorganic 
salts which can be incorporated in the culture media are the customary salts capable of 
yielding sodium, calcium, sulfate, carbonate, and like ions. Non-limiting examples of 
nutrient inorganic salts are CaCOj, MgS04, NaCl, and CaSO^. 

15 



20 



Medium Composition 


Quantity 


NaCI 


0.5g 


MgSO,.7H20 


D.4g 


CaCOj.SHjO 


3.0g 


CaS04'2H20 


0.3g 


Yeast extract paste 


0.3g 


Potassium mica 


1.2g; Powder of > 200 mesh 


Rock phosphate 


1.2g; Powder of > 200 mesh 


Cellulose 


5.0g; Powder of > 200 mesh 


Autoclaved water 


1000ml 



25 



30 



It should be noted that the composition of the media provided in Table VII is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

The culturing process may preferably be conducted under conditions in 
35 which the concentration of dissolved oxygen is between 0.025 to 0.8 moVm\ preferably 0.4 
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moUm . The oxygen level can be controlled by any conventional n,eans k„o^vn to one 
skilled ,n the art. including but not limited to sti^ng and/or bubbling. TT^eprocess of the 
mventon .s earned out at temperatures ranging from about 25° to 30''O however it is 
preferabletoconducttheprocessat28°C. The process is initiated in st;rilized medium by 
moculatmg typically about 20ml of each inoculum of the four strains of yeast cells each at a 
ceUJensi^ofabo. 

The yeast culture is grown for 12-72 hours, preferably for about 48 hours in 

10 Theelectromagnetic fields, Which 

can be apphed by a variety of means, each has the foUowing respective frequencies: (1 ) i„ 

^66-199to366.287MHz,andmostpreferabIyat366.243MHz,forphosphorus. 
decomposing; (3) in the range of 250-260MHz, preferably at about 255MHz, more 
preferably in the range of 255.388 to 255.462 MHz, and most preferably at 255.425 MHz, 
for potassium-decomposing; and (4) in the range of 1 087-1 097MHz, preferably about at 

20 -bon-decomposing. TT,e amplitude of each electromagnetic 

field xs repeatedly cycled between 0-3000mV, preferably between 20-1800mV. in steps of 
ImV at a rate of 1 8-23 minutes per complete cycle. An exemplar set-up of the cultu^ 
process is depicted in Figure 2. 

5.8. SOIL ADAPTATION 

resnectivefi !^''"^':^'"°'''^^""'°"°''-'^-^"«-*og^owandperfom,thd^ 
lespective functions m vanous types of soils. The ability of the yeast strains to survive and 

grow can be enhanced by adapting the yeast strains of the invention to a 
condition. 

In another embodiment of the invention, yeast cells prepared according to 
any one of Sections 5.1-5.6 can be cultured sepamtely or in amixture in a«.lid or semi- 
sohd medium containing soil from one or more soil sources. Tins optional process which 

can beused to improve theperformanceofthe biological fertUizer is described by wa^ 
example as follows. 

BSvntK 3^'^^°"*^''°*^'0»J^fy^tsatadensityoflO*ceiymlismi^^ 
>vithalOOOcm'ofthesoilmedium. Tlie process can be scaled up or down according to 
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needs. The mixture of yeast and soil is cultured for about 48-96 hours, preferably for about 
48 hours, iri the presence of an electromagnetic field. The electromagnetic field, which can 
be applied by a variety of means, has a frequency that, depending on the strain of yeast, 
corresponds to one of the frequencies described in Sections 5.1-5.6. A field amplitude in 

5 the range of 1 00-3000mV, preferably 21 OOmV, can be used. The culture is incubated at 
temperatures that cycle between about 3 °C to about 48°C. For example, in a typical cycle, 
the temperature of the culture may start at 35-48°C and be kept at this temperature for about 
1-2 hours, then adjusted up to 42-45 °C and kept at this temperature for 1-2 hours, then 
adjusted to 26-30 °C and kept at this temperature for about 2-4 hours, and then brought 

10 down to 5 -lO^C and kept at this temperature for about l-2hours, and then the temperature 
may be raised again to 35-45"C for another cycle. The cycles are repeated until the process 
is completed. After the last temperature cycle is completed, the temperature of the culture is 
lowered to 3-4"C and kept at this temperature for about 5-6 hours. After adaptation, the 
yeast cells may be isolated and recovered from the medium by conventional methods, such 

15 as filtration. The adapted yeast cells can be stored under 4 X. An exemplary set-up of the 
culture process is depicted in Figure 3. 

5.9. SEPARATION OR ENRICHMENT OF YEAST CELLS 
Yeast cells that have been adapted to form a symbiosis-like relationship 
20 according to Section 5.7. can be separated or enriched in such a way that each strain of yeast 
cells keep their acquired or enhanced fimctions. Separation of yeast cells is carried out 
according to methods described in U.S. Patent No. 5,578,486 and Chinese patent 
publication CN 1 1 1 0317A which are incorporated herein by reference in its entirety. The 
frequency used for activating the yeast cells may be used during the separation process. The 
25 separated yeast cells can then be dried, and stored. 

5.10. MANUFACTURE OF THE BIOLOGICAL FERTILIZERS 
In addition to yeast cell components, various organic and inorganic raw 
materials can also be included in the biological fertilizer compositions of the invention. The 
30 preparation of such materials as well as the steps involved in the manufacture of the 
biological fertilizer are described herein. 

5.10.L Preparation of the Organic and Inorganic Substrate Components 

A wide range of organic and inorganic materials can be used in the biological 
35 fertilizer compositions of the present invention. Organic materials, such as but not limited 
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to coal-mine waste and weathered coal, or any materials (hat contain more than 20-/. of 
organic substances, car, be used as sources of carbon to support the grovvth of plants and 
yeasts. Combanations and mixtures ofsuch organic materials can also be used Organic 
compounds present in such materials are decomposed by the yeast capable of breakino 
complex or high molecular weight carbon-chain molecules into simple carbon compoLs 
so that they can be used by plants and other yeast cells in the fertilizer. 

Inorganic materials, such as but not limited to phosphate rock and potassium 
mca. are included as sources of phosphorus and potassium respectively Other 

Phosphorous-orpotassium-containingmaterialsandmineralscanalsobeused These 
inorganic compounds are decomposed by K-decomposing and P-decomposing yeast cells 
into biologically available potassium and biologically available phosphorus that can be used 

by the growing plants as weU as the yeast cells in the fertilizer. Any organic or inorganic 
matenal may be used alone or in combination or in substitution ^th any other materials in 
the pr^ent invention. Alternatively, one or more organic or inorgamc ingredients may be 
omitted, or substituted by another if it is deemed desirable by the particular application For 
example, potassium mica can be omitted if the soil contains sufficiem potassium minerals 

The orgamc and inorganic materials used in the invention should not contain 
amounts of toxic substances or microorBanisms that can inhibit the growth of the yeast cells 

20 The organic and inorganic components in the present invention ate ground 

into surtable forms and sizes before incorporated into the fertilizer. TypicaUy, the orgamc or 
«K,rgamc material is conveyed into a crusher where it is broken up into pieces of < 5 cm in 
diameter. Any conventional crusher or equivalent machines can be used for this purpose 
^^P-^-thentmnsferredtoagrinderl^anyconveyingmeansandgroundtoapo^^^ 

^ of. ISOmesh. Any grinder that allows fine grinding can be used for this purpose. The 
powder IS then conveyed to an appropriate storage tan^ for storage until use with other 

components of the fertilizer. A schematic Ulustrationofthe grinding process is shown in 
rigs. 4 and 5. 

30 

5.10.2. Fermentation Process Using Growth Factor-Producing Yeast 

^**P«^«'t™vention.thepreparationofGP-producingyeastiscaniedout 
in a femientation process using as seed the activated yeast strain as described in Section 5.5. 
A schematic of the fermentation process is illustrated in Fig. 6. 

The fermentation medium is prepared according to aiatio of 2.5 liters of 
waterper kilogram of starch. Clean water, preferably water ficeofanymicoorgam-smj, is 
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used to prepare the fermentation medium. The fermentation is earned out at a temperature 
between 20-30 °C. preferably between 25-28 "C, in a clean environment and in a space 
where there are no strong sources of electromagnetic fields, such as power lines and power 
generators. Any equipments that contact the fermentation broth, including reactors, 

5 pipelines, and stirrers, must be throughly cleaned before each use. The fermentation process 
normally lasts about 60-72 hours, depending on the fermentation temperature. At least 90% 
of the fermentation substrate is femiented. Fermentation is preferably conducted under 
semi-aerobic conditions or conditions in which the oxygen level is about 20-60% of the 
maximal soluble oxygen concentration. The oxygen level can be controlled by any 

10 conventional means known to one skilled in the art. including but not limited to stirring 
and/or bubbling. After fermentation, the cell counts should reach about 2x10'" cells/ml. 
The fermentation broth is kept at a temperature in the range of 15-28°C and must be used 
within 24 hours. Alternatively, the GP-producing yeasts can be drained, dried and stored in 
powder form. 



15 



20 



5.103. Fermentation Process Using ATP-Producing Yeast 
In the present invention, the preparation of ATP-producing yeast is carried 
out by a fennentation process using as seed the adapted yeast strain as described in Section 
5.6. A schematic of the fennentation process is illustrated in Fig. 6. 

The fermentation medium is prepared according to a ratio of 2.5 liters of 
water per kilogram of starch. Clean water, preferably water free of any microorganisms, 
most preferably autoclaved water, is used to prepare the fennentation media. The 
fermentation is carried out at a temperature between 20-30«C, preferably between 25.28'C, 
in a clean enviromnent and in a space where there are no strong sources of electromagnetic ' 
25 fields, such as power lines and power generators. Any equipments that contact the 
fermentation broth, including reactors, pipelines, and stirrers, must be throughly cleaned 
before each use. The fermentation process normally lasts about 60-72 hours, depending on 
the fermentation temperature. At least 90% of the fermentation substrate is fermented. 
Fermentation is preferably conducted under semi-aerobic conditions or conditions in which 
30 the oxygen level is about 20-60% of the maximal soluble oxygen concentration. The 
oxygen level can be controlled by any conventional means known to one skilled in the art. 
including but not limited to stirring and/or bubbling. After fermentation, the cell counts 
should reach about 2x10"' cells/ml. TTie fermentation broth is kept at a temperature in the 
range of 15-28°C and must be used within 24 hours. Alternatively, the ATP.producing 
35 yeasts can be drained, dried and stored in powder form. 
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5.10.4. Preparation of Mixture of Raw Materials 
Organic and inoiganic raw materials are mixed in exemplary proportions as 
sho^vn m Table VIH. Appropriate amount of organic and inorganic materials prepared 
according to Section 5.10.1 and starch are conveyed to a mixer. Any conventional mixer 
such as but not limited a rotary, drum mixer, can be used. The mixing tank is rotated 
constantly so that powders of inorganic material, organic material, and starch are mixed 
evenly. The mixture is then conveyed to a storage tank. The procedure for mixing organic 
and morgarac substrate material is illustrated in FIG. 7. 

Table VIII Ratio of raw materials 



Material 


Percentage 


Requirement 


Powder of organic materials 


60-71% 


^150 mesh, water content 

< 5% 


Powder of inorganic 
materials 


15^20% 


^150 mesh, water content 

^3% 


Starch 


10-15% 


regular starch powder, water 
content ^ 8% 



15 



20 



5.10.S. Preparation of Yeast Mixture 
A yeast mixture is prepared in the exemplary proportions as shown in Table 

K. Appropriate amounts ofthe six yeast strains in dried powder form prepared according 
to Section 5.1-5.6 are conveyed to a mixing tank. The yeasts are allowed to mix for about 
25 10-20mmutes. Tlie mixture is then transferred to a storage tank. Any equipments used for 
mmngyeasts,includmg the mixing tank and the storage tank, mustbe throughly cleaned 
preferably sterilized, before each use. The yeast mixture is stored at a temperature below 20 
; C and must be used withirt 24 hours. The procedure for mixmg yeasts is illustrated in FIG 
8. Altematively.themixtureofsixyeastscanbedriedandstoredinpowderfoim. 



30 





Yeast 


Quantity 


Percentage 


Note 








(dry weight) 




35 ' 


Nitrogen-fixing yeast 


1.0-.2.0kg 


0.1-02% 


Dry yeast powder 
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Phosphorus-decomposing 
yeast 


1.0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Potassium-decomposing 
yeast 


1.0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Carbon-decomposing yeast 


1.0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Growth factor-producing 

yeast 


25L 


1% 


Yeast fermentation 
broth 


ATP-producing yeast 


75L 


3% 


Yeast fermentation 
broth 
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5.10.6. Manufacture of Biological Fertilizer 
The biological fertilizer of the present invention is produced by mixing the 
yeast mixture of Section 5.1 0.5 and the mixture of the organic and inorganic materials of 
15 Section5.10.1 at a ratio according to Table X. For example, the yeasts and the organic and 
inorganic materials are conveyed to a granulizer to foim granules. The granules of the 
fertilizer are then dried in a two-stage drying process. During the first drying stage, the 
fertilizer is dried in a first dryer at a temperature not exceeding 65 "C for a period of time 
not exceeding 10 minutes so that yeast cells quickly become dormant. The fertilizer is then 
20 send to a second dryer and dried at a temperature not exceeding 70 'C for a period of time 
not exceeding 30 minutes to fiirther remove water. After the two stages, the water content 
should be lower than 5%. It is preferred that the temperatures and drying times be adhered 
to in both drying stages so that yeast cells do not lose their vitality and functions. The 
fertilizer is then cooled to room temperature. The fertilizer may also be screened in a 
25 separatorsothatfertilizergranulesofaprefciTedsizeareselected. Any separator, such as 
but not limited to a turbo separator with adjustable speed and screen sizes, can be used. The 
fertilizer of the selected size is then sent to a bulk bag filler for packing. 

The production process is illustrated in Figs. 9-11. Fig. 9 is a schematic 
illustration of the procedure for producmg the fertilizer from its components. Fig. 1 0 is a 
30 schematic iUustration of the drying process. Fig. 1 1 is a schematic illustration of the cooling 
and packing process. 



35 



Table X Composition of the biological fertilizer (for one metric ton of fertilizer) 





Quantity 


Percentage (dry 


Note 






weight) 
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Mixture of raw materials 


952-956kg 


95.2-95.4% 


Dry weight 


Mixture of yeasts 


lOOL 


4.4-4.8% 


Dry weight 



6. EXAMPLE 

The following example demonstrates the manufacture of a biological 
fertilizer composition of the present invention. This example is a preferred embodiment of 
the present invention. 

1 0 Saccharomyces cerevisiae Hansen strains having accession numbers 

AS2.501. AS2.535, AS2.441, AS2.406, AS2.382. and AS2.16, each of ^vhich is deposited in 
China General Microbiological Culture Collection Center (CGMCC). China Committee for 
Culture Collection of Microorganisms, were used to prepare the yeast cell components of 
the biological fertilizer. Yeast strain AS2.501 was cultured according to the method 
,5 described in Section 5.1 for nitrogen-fixation. Yeast stram AS2.535 was cultured according 
to the method described in Section 5.2 for P-decomposition. Yeast strain AS2.441 was 
cultured according to the method described in Section 5 J for K-decomposition. Yeast 
strain AS2.406 was cultured according to the method described in Section 5.4 for C- 
decomposition. Yeast strain AS2.382 was cultured according to the method described in 
20 Section 5.5 for growth factor-production. Yeast strain AS2.16 was cultured according to the 
method described in Section 5.6 for ATP-production. 

Coal mine waste and phosphate rock were used as organic and inorganic 
materials respectively. The coal mine waste used in the example contained at least 30% of 
organic substances. The phosphate rock used in the example contained at least 25% of 
25 PjOj. Coal mine waste and phosphate rock were prepared according to Sections 5.10.1. 

The production of growth fector-producing yeast was carried out in a 
fermentation process using as seed the activated yeast strain AS2382 as described in 
Section 5.5. A schematic of the fermentation process is illustrated in Fig. 6. The 
fermentation medium was prepared according to a ratio of 2.5 Uters of clean water per 
30 kilogram of starch. The fermentation medium was inoculated according to a ratio of lOmI 
of seed solution per liter of medium. The fermentation was carried out at a temperature of ' 
28±1 °C and an oxygen concentration of 0.4mol/m' in a clean environment where there 
were no sources of electromagnetic fields for about 48 hours. After fermentation, the ceU 
counts reached about 2x10"* cells/ml. 

35 
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The production of ATP-producing yeast was carried out in a fermentation 
process using as seed the activated yeast strain AS2.1 6 as described in Section 5.6. A 
schematic of the fermentation process is illustrated in Fig. 6. The fennentation medium was 
prepared according to a ratio of 2.5 liters of clean water per Idlogram of starch. TTie 
fermentation medium was inoculated according to a ratio of lOmI of seed solution per liter 
of medium. The fermentation was canried out at a temperature of 28±] »C and an oxygen 
concentration of 0.4mol/m^ in a clean environment where there were no sources of 
electromagnetic fields for about 56 hours. After femientation. the cell counts reached about 
2x10'" cells/ml. 

The mixture of raw materials was prepared according to Table XI and the 
procedure in Section 5.10.4. 



15 



Table XI Ratio of raw materials 



Material 


Percentage 


Requirement 


Powder of coal mine waste 


65% 


^ ISOmesh, water content 
s 5% 


Powder of phosphate rock 


20% 


^ 150 mesh, water content 


Starch 


15% 

■ 


regular starch powder, water 
content s 8% 



20 



25 



The yeast mixture was prepared according to Table XII and the procedure 
described in Section 5.10.5. 



Table XII Ratio of yeasts (for 1 metric ton of fertilizer) 



Yeast 


Quantity 


Percentage 
(dry weight) 


Note 


Nitrogen-fixing yeast AS2.502 


2.0kg 


0.2% 


Dry yeast powder 


Phosphorus-decomposing yeast 
AS2.535 


2.0kg 


0.2%- 


Dry yeast powder 


Potassium-decomposing yeast 
AS2.441 


2.0kg 


0.2% 


Dry yeast powder 



30 



35 
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Carbon-decomposing yeast 
AS2.406 * 


2.0kg 


0.2% 


Dry yeast powder 


Growth factor producing yeast 
AS2.382 


25L 


1% 


Yeast fermentation 
broth 


ATP producing yeast AS2.1 6 


75L 


3% 


Yeast femientation 
broth 



The biological fertilizer was produced by mixing the yeast mixture, the 
J 0 organic and inorganic materials at a ratio according to Table XHI. The mixed yeasts and 
organic and inorganic materials were conveyed to a granulizer to form granules. The 
granules of the fertilizer were then dried in a two stage drying process. During the first 
drying stage, the fertilizer was dried in a first dryer at a temperature not exceeding 60±2°C 
for a period of 5 minutes so that yeast cells quickly became dormant. The fertilizer was then 
J 5 sent to a second dryer and dried at a temperature not exceeding 65±2 °C for a period of 8 
minutes to further remove water. The fertilizer was then cool to room temperature. The 
fertilizer was then sent to a bulk bag filler for packing. 



Table XIII Fertilizer composition (for 1 metric ton of fertilizer) 





Quantity 


Percentage (dry 
weight) 


Note 


Raw material mixture 


952kg 


95.2% 


Diy weight 


Yeast mixture 


lOOL 


4.8% 


Diy weight 



20 



25 



30 



The present invention is not to be limited in scope by the specific embodiments 
described which are intended as single illustrations of individualaspects of the invention, 
and Wionally equivalent methods and components are within the scope of the invention. 
Indeed various modifications of the invention, in addition to those shown and described 
herein will become apparent tQ those skilled in the art from the foregoing description and 
accompanying drawings. Such modifications are intended to fall within the scope of the 
appended claims. 



35 
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] . A biological fertilizer composition comprising at least one of the 
following yeast cell components: 

(a) a first yeast cell component comprising a first plurality of 
yeast cells that fix nitrogen; 

(b) a second yeast cell component comprising a second plurality 
of yeast cells that decompose phosphorus compounds; or 

(c) a third yeast cell component comprising a third plurality of 
yeast cells that decompose potassium compounds. 



2. The biological composition of claim 1 further comprising: 

(d) a fourth yeast cell component comprising a fourth plurality of 
yeast cells that convert complex carbon compounds to simple 
carbohydrates; 

(e) a fifth yeast cell component comprising a fifth plurality of ^ 
yeast cells that overproduce growth factors; and 

(f) a sixth yeast cell component comprising a sixth plurality of 
yeast cells that oveiproduce adenosine triphosphate. 



20 



25 



30 



35 



3. A biological fertilizer composition comprising at least one of the 
following yeast cell components: 

(a) a first yeast cell component prepared by culturing a first 
plurality^of yeast cells in a first electromagnetic field having a 
fi-equency in the range of 860 to 870 MHz and an amplitude m 
the range of 1000 to 5000mV for a period of time sufficient to 
cause said first plurality of yeast cells to fix nitrogen; 

(b) a second yeast cell component prepared by culturing a second 
plurality of yeast cells in a second electromagnetic field 
having a fi^quency in the range of 360 to 370 MHz and an 
amplitude in the range of 1000 to 5000mV for a period of 
time sufGcient to cause said second plurality of yeast cells to 
decompose phosphorus compounds; or 

(c) a third yeast cell component prepared by culturing a third 
plurality of yeast cells in a third electromagnetic field having a 
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frequency in the range of 250 to 260 MHz and an amplitude in 
the range of 1 000 to SOOOmV for a period of time sufficient to 
cause said third plurality of yeast cells to decompose 
potassium compounds. 

4. The biological composition ofclaim 3 further comprising: 

(d) a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a fourth electromagnetic field having 
a frequency in the range of 1087 to 1 097 MHz and an 
amplitude in the range of 1000 to 5000mV for a period of 
time sufficient to cause said fourth plurality of yeast cells to 
convert complex carbon molecules to simple carbohydrates; 

(e) a fifth yeast cell component prepared by culturing a fifth 
plurality of yeast cells in a fifth electromagnetic field having a 
frequency in the range of 1382 to 1392 MHz and an amplitude 
in the range of 1000 to SOOOmV for a period of time sufficient 
to cause said fifth plurality of yeast ceUs to overproduce 
growth factors; and 

(f) a sixth yeast cell component prepared by culturing a sixth 
plurality of yeast cells in a sixth electromagnetic field having 
a frequency in the range of 1690 to 1700 MHz and an 
amplitude in the range of 1 000 to 5000mV for a period of 
time sufficient to cause said plurality of yeast cells to 
overproduce adenosine triphosphate. 

5. The biological fertilizer composition ofclaim 2 or 4 fiirtber 
comprising an organic substrate component, an inorganic substrate component, or both 
organic and inorganic substrate components. 

30 

6. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell component separately comprises yeast cells that belongs to a genus selected from 
the group consisting of Saccharomyces. ScMzosaccharomyces, Sporobolomyces, Tonilopsis, 
Trichosporon, mckerhamia,Ashbya, Blastomyces, Candida, Citeromyces, Crebrofkedum, ' 
Cryptococcus, Debaryomyces, Endomycopsis; Geotrichum, Hansenula, Kloeckera, 

35 Lipomyces, Pichia, Rhodosporidhim, and Rhodotorula. 



20 



25 
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7. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell gomponent comprises cells of a species of yeast selected from the group 
consisting of Saccharomyces cerevisiae, Saccharomyces chevalieri, Saccharomyces 
delbrueckii, Saccharomyces exigum, Saccharomyces fermentali, Saccharomyces logos, 

5 Saccharomyces mellis, Saccharomyces microellipsoides, Saccharomyces oviformis, 
Saccharomyces rosei, Saccharomyces rouxii, Saccharomyces sake, Saccharomyces 
umrum Beijer, Saccharomyces willianus, Saccharomyces sp., Saccharomyces Judwigli, 
Saccharomyces sinenses, Saccharomyces bailii, Saccharomyces carlsbergensis, 
Schizosaccharomyces octosporus, Schizosaccharomyces pombe, Sporobohmyces roseus 

10 Sporobohmyces salmonicolor, Torulopsis Candida, Torulopsis famta, Torulopsis globosa 
Torulopsis inconspicua, Trichosporon behrendoo, Trichosporon capitatum, Trichosporon ' 

<^"taneum,Wickerhamiafluoresens,Ashbyagossypii,Blast07nycesdermatitidis,Candida 
albicans, Candida arborea, Candida guillermondii, Candida Krusei, Candida lambica, 
Candida lipolytica, Candida parakrusei. Candida parapsilosis, Candida parapsilosis, ' 
15 Candida pseudotropicalis, Carulida pulcherrima. Candida robusta, Candida rugousa, 
Candida utilis, Citeromyces matritensis, Crebrothecium ashbyii, Cryptococcus lawentii, 
Cryptococcus neoformans, Deharyomyces hansenii, Debaryomyces Uoeckeri, 
EndomycopsisfibuUgera , Eremothecium ashbyii, Geoirichum candidum, Geotrichum 
ludwigii, Geotrichum robustum, Geoirichum suaveolens, Hansenula anomala, Hansemda 
20 arabitolgens, Hansenula jadinii, Hansenula saturnus, Hansenula schneggii, Hansenula 
subpelUculosa, Kloeckera qpiculata, Lipomyces starkeyi, Pichia farinosa, Pichia 
membranaefaciens, Rhodosporidium toruloides , Rhodotorula aurantiaca, Rhodotorula 
glutinis, Rhodotorula minuta, Rhodotorula rubar, and Rftodotorula sinesis. 



25 



8. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell component comprises cells of Saccharomyces cerevisiae. 



9. The biological fertilizer composition of claim 2 or 4 wherein the 
yeast cells of each yeast cell component are separately cells of the yeast strain 

30 Saccharomyces cerevisiae Hansen deposited at China General Microbiological Culture 
CoUection Ceiiter having an accession number selected fiom the group consisting of 
AS2.501. AS2.535, AS2.441, AS2.406. AS2.382. and AS2.1 6. 

1 0. The biological fertilizer composition of claim 2 which comprises 
35 yeast cell components (a), (b), and (c) of claim 1. 
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11. The biological fertilizer composition of claim 4 which comprises 
yeast cell components (a), (b), and (c) of claim 3. 

12. The biological fertilizer composition of claim 1 0 or 1 1 further 

5 comprising an organic substrate component, an inorganic substrate component, or both an 
organic and an inorganic substrate component 

13. The biological fertilizer composition of claim 12 which comprises 
about 0.1 to 0.2 % by weight of yeast ceU component (a), about 0.1 to 0.2 % by weight of 

1 0 yeast cell component (b). about 0. 1 to 0.2 % by weight of yeast cell component (c), about 
0.1 to 0.2 % by weight of yeast cell component (d), about 1 % by weight of yeast cell 
component (e), about 3 % by weight of yeast cell component (f); about 65 % by weight of 
organic substrate component; about 19 % by weight of inorganic substrate component; and 
about 1 4 % by weight of starch. 



15 



20 



14. A composition comprising a plurality ofyeast cells wherein said 
plurality ofyeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 850 to 860 MHz and an amplitude in the range of 1000 to 
SOOOmV for a period of time sufficient to cause said plurality ofyeast cells to fix nitrogen. 



15. A composition comprising a plurality of yeast cells wherein said 
plurality ofyeast cells have been cultured in the presence of an electromagnetic field having 

a fiequency in the range of 360 to 370 MHz and an amplitude in the range of 1 000 to 
5000mV for aperiod of time sufficient to cause said plurality ofyeast cells to decompose 
25 phosphorus compounds. 

16. A composition comprising aplurality of yeast cells wherein said 
plurality ofyeast cells have been cultured in the presence of an electromagnetic field having 
a firequency in the range of 250 to 260 MHz and an amplitude m the range of 1000 to 

30 5000mV for a period of time sufficient to cause said plurality ofyeast celk to decompose 
potassium compounds. 

17. A composition comprising a plurality ofyeast cells wherein said 
plurality ofyeast cells have been cultured in Ihepiesenoe of an electromagnetic field having 

35 a fiequency in the range of 1 087 to 1 097 MHz and an amplitude in the range of 1 000 to 
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iOOOmV for a period of time sufficient to cause said plurality of yeast cells to convert 
complex carbon molecules to simple carbohydrates. 

1 8. A composition comprising a plurality of yeast cells wherein said 
5 plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 1382 to 1392 MHz and an amplitude in the range of ] 000 to 
2000mV for a period of time sufficient to cause said plurality of yeast cells to overproduce 
growth factors. 

A composition comprising a plurality ofyeast cells wherein said 
plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 1690 to 1700 MHz and an amplitude in the range of 1000 to 
SOOOmV for a period of time sufficient to cause said plurahty of yeast cells to overproduce 
adenosine triphosphate. 



15 



20 



25 



30 



35 



20. T^ecompositionofclaiml4J5,16;i7,18,orl9whereintheyeast 
cells are cells of Saccharomyces cerevisiae. 

21. A biological fertilizer composition comprising 
(i) at least one of the following yeast cell components: 

(a) a first yeast cell component prepared by culturing a 
first plurality of yeast cells in a first electromagnetic 
field having a frequency of about 865.522 MHz and an 
amplitude of about 1250mV for a period of 24 hours 
and culturing said first plurality of yeast cells in the 
presence of a second electromagnetic field having a 
frequency of about 865.522 MHz and an ampUtude of 
about 4656mV for a period of 24 hours so that said 
first plurality of yeast cells can fix nitrogen; 

(b) a second yeast cell component prepared by culturing a 
second plurality of yeast cells in a first 
electromagnetic field having a frequency of about 
366.243 MHz and an amplitude of about 1230mV for 
a period of 24 hours and culturing said second 
plurality of yeast cells in the presence of a second 
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electromagnetic field having a frequency of about 
366.243 MHz and an amplitude of about 4570mV for 
a period of 24 hours so that said second plurality of 
yeast cells can decompose phosphorus compounds; or 
(c) a third yeast cell component prepared by culturing a 
third plurality of yeast cells in a first electromagnetic 
field having a frequency of about 255.425 MHz and ar 
amplitude of about 1340mV for a period of 24 hours 
and culturing said third plurality of y east cells in the 
presence of a second electromagnetic field having a 
frequency of about 255.425 MHz and an amplitude of 
about 4850mV for a period of 24 hours so that said 
plurality of yeast cells can decompose potassium 
compounds; 

a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a first electromagnetic field having a 
frequency of about 1092.387 MHz and an amplitude of about 
1 530mV for a period of 24 hours and culturing said fourth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a fi-equency of about 1 092.387 
MHz and an amplitude of about 4720mV for aperiod of 24 
hours so that said fourth plurality of yeast cells can convert 
complex carbon molecules to simple carbohydrates; 
a fifth yeast cell component prepared by culturing a fifth 
plurality of yeast cells in a first electromagnetic field having a 
frequency of about 1387^56 MHz and an amplitude of about 
1 620mV for a period of 24 hours and culturing said fifth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a frequency of about 1387.556 
MHz and an amplitude of about 4830mV for a period of 24 
hoiirs so that said fifth plurality of yeast cells can oveiproduce 
growth factors; and 

a sixth yeast cell component prepared by culturing a sixth 
plurality of yeast cells in a first electromagnetic field having a 
firequency of about 1 694.365 MHz and an amplitude of about 
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1470mV for a period of 24 hours and culturing said sixth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a frequency of about 1694365 
MHz and an amplitude of about 4780mV for a period of 24 
hours so that said plurality of yeast cells can overproduce 
adenosine triphosphate; 
wherein said yeast cell components comprise cells of Saccharomyces 



cerevisiae. 



^ ° 22. The biological fertilizer composition of claim 2 1 wherein the first 

yeast cell component comprises cells of the yeast strain Saccharomyces cerevisiae Hansen 
AS2.501, the second yeast cell component comprises cells of the yeast strain 
Saccharomyces cerevisiae Hansen AS2.535, the third yeast cell component comprises cells 
of the yeast strain Saccharomyces cerevisiae Hansen AS2.441, the fourth yeast cell 

1 5 component comprises cells of the yeast strain Saccharomyces cerevisiae Hansen AS2,406, 
the fifth yeast cell component comprises cells of the yeast strain Saccharomyces cerevisiae 
Hansen AS2.382, and the sixth yeast cell component comprises cells of the yeast strain 
Saccharomyces cerevisiae Hansen AS2 J 6. 

23. The biological fertilizer composition of claim 2 1 , v^rherein the 
pluralities of yeast cells are dried. 

24. A method of activating or enhancing the ability of a plurality of yeast 
cells to fix atmospheric nitrogen, comprising culturing said plurality of yeast cells in the 

25 presence of an electromagnetic field having a frequency in the range of 850 to 860 MHz and 
an amplitude in the range of 1 000 to 5000mV for a period of time suflBcient to cause said 
plurality of yeast cells to fix nitrogen. 

25. The method of claim 24, comprising culturing said plurality of yeast 
30 cells in the presence of a first electromagnetic field having a frequency of about 865.522 

MHz and an amplitude of about 1250mV for a period of 24 hours and culturing said first 
plurality of yeast cells in the presence of a second electromagnetic field having a frequency 
of about 865.522 MHz and an amplitude of about 4656mV for a period of 24 houre so that 
said plurality of yeast cells can fix nitrogen. 

35 
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26. A method of activating or enhancing the abilit)' of a plurality of yeast 
celk to decompose phosphorus-containing minerals or compounds, comprising culturing 
said plurality of yeast cells in the presence of an electromagnetic field having a frequency in 
the range of 360 to 370 MHz and an amplitude in the range of 1000 to SOOOmV for a period 

5 of time sufficient to cause said plurality of yeast cells to decompose phosphorus 
compounds. 

27. The method of claim 26, comprising culturing said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 366.243 

1 0 MHz and an amplitude of about ]230mV for a period of 24 hours and culturing said second 
plurality of yeast cells in the presence of a second electromagneUc field having a frequency 
of about 366243 MHz and an amplitude of about 4570mV for aperiod of 24 hours so that 
said second pluraUty of yeast cells can decompose phosphorus compounds. 

28. A method of activating or enhancing the ability of a plurality of yeast 
cells to decompose potassium-containing minerals or compounds, comprising culturing said 
plurality of yeast cells in the presence of an electromagnetic field having a frequency in the 
range of 250 to 260 MHz and an amplitude in the range of 1 000 to SOOOmV for a period of 
time sufficient to cause said plurality of yeast cells to decompose potassium compounds 

20 

29. The method of claim 28, comprising culturing said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 255.425 
MHk and an amplitude of about 1340mV for a period of 24 hours and culturing said third 
plurality of yeast cells in the presence of a second electromagnetic field having a frequency 

25 of about 255.425 MHz and an ampfitude of about 4850mV for a period of 24 hours so that 
said plurality of yeast cells can decompose potassium compounds. 

30. A method of activating or enhancing the ability of a plurality of yeast 
cells to decompose high molecular weight carbon substances, comprising culturing said 

30 plurality of yeast cells in the presence of an electromagnetic field having a frequency in the 
range of 1 087 to 1 097 MHz and an amplitude in the range of 1 000 to 500QmV for a period 
of time sufficient to cause said plurality of yeast cells to convert complex carbon molecules 
to simple carbohydrates. 

35 
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31 . The method of claim 30, comprising cukuring said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 1092.387 
MHz and an amplitude of about 1530mV for a period of 24 hours and culturing said fourth 
plurality of yeast cells in the presence of a second electromagnetic field having a frequency 

5 of about 1 092.387 MHz and an amplitude of about 4720mV for a period of 24 hours so that 
said fourth plurality of yeast cells can convert complex carbon molecules to simple 
carbohydrates. 

32. A method of activating or enhancing the ability of a plurality of yeast 
10 cells to overproduce growth factors, comprising culturing said plurality of yeast cells in the 

presence of an electromagnetic field having a frequency in the range of 1382 to 1392 MHz 
and an amplitude in the range of 1000 to 2000mV for a period of between 1000 to SOOOmV 
for a period of time sufficient to cause said plurality of yeast cells to overproduce growth 
factors. 

15 

33. The method of claim 32, comprising culturing said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 1387.556 
and an amplitude of about 1 620mV for a period of 24 hours and culturing said fifth plurality 
of yeast cells in the presence of a second electromagnetic field having a frequency of about 

20 1387.556 MHz and an ampUtude of about 4830mV for a period of 24 hours so that said fifth 
plurality of yeast cells can overproduce growth factors. 

34. The method of claim 32 or 33, further comprising inoculating a 
fermentafion medium comprising a starch solution at a concentration of about 400 gram/liter 

25 with said yeast cells and allowing fennentation to proceed at a temperature between 20 to 
iO'C until at least 90% of the femientation substrate has been fermented. 

35. A method of activating the ability of a plurality of yeast cells to 
overproduce ATP, comprising culturing said plurality of yeast ceUs in the presence of an 

30 electromagnetic field having a frequency in the range of 1 690 to 1 700 MHz and an 
amplitude in the range of 1 000 to SOOOmV for a period of time sufficient to cause said 
plurality of yeast cells to overproduce adenosine triphosphate. 

36. The method of claim 35, comprising culturing said plurality of yeast 
35 cells in the presence of a first electromagnetic field having a frequency of about 1694.365 
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-MH^d^^„,p,it,d^,fee,,_MTO«,.uf^,^ period of 24 hours and culturing said sixth 
plurahty of yeast cells in the presence of a second electromagnetic field having a frequency 
of about 1694.365 MHz and an amplitude of about 4780mV for a period of 24 hours so Jt 
said plurality of yeast cells can overproduce adenosine triphosphate. 

37. The method of claim 35 or 36, Airther comprising inoculating a 
fermentation medium comprising a starch solution at a concentration of about 400 gram/liter 
with said yeast ceUs and allowing femientation to proceed at a temperature between 20 to 
30°C untiJ at least 90% of the fennentation substrate has been fermented. 

38. A method of forming a symbiosis-like relationship among yeast cells 
components of a biological fertilzer, said method comprises the steps of : 

preparing a mixture comprising 

(a) a first yeast cell component prepared by culturing a first 
plurality of yeast cells in a fast electromagnetic field having a 
frequency in the range of 860 to 870 MHz and an amplitude in 
the range of 1000 to SOOOmV for a period of time sufficient to 
cause said first plurality of yeast cells to fix nitrogen; 

(b) a second yeast cell componem prepared by culturing'a second 

plurality of yeast cells in a second electromagnetic field 
having a frequency in the range of 360 to 370 MHz and an 
amplitude in the range of 1 000 to SOOOmV for a period of 
tune suflBcient to cause said second plurality of yeast cells to 
decompose phosphorus compounds; 

(c) a third yeast ceU component prepared by culturing a third 
plurality of yeast cells in a third electromagnetic field having a 
frequency in the range of 250 to 260 MHz and an amplitude in 
the range of 1000 to SOOOmV for a period of time sufficient to 

cause said third plurality of yeast cells to decompose 
potassium compounds; and 

(d) a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a fourth electromagnetic field having 
afrequency in the range of 1087 tol097 MHz and an 
amplitude in the range ofl ODD to SOOOmV for a period of 
time sufficient to cause said fourth plurality of yeast cells to 
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convert complex carbon molecules to simple carbohydrates; 
and 

culturing said mixture in the presence of an electromagnetic field 
having a plurality of frequencies of 860 to 870 MHz, 360 to370 MHz, 
250 to 260 MHz, and 1087 tol097 MHz and each frequency having 
an amplitude of 0 to3000 mV for aperiod of time sufficient to cause 
said yeast cell components to form symbiosis-like relationship, 
wherein the amplitude for each frequency in said electromagnetic 
field is cycled between 0 to 3000 mV. 

The method of claim 24, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 850 to 860 MHz and an amplitude in the range of 
1000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 26, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 360 to 370 MHz and an amplitude in the range of 
1000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 28, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 250 to 260 MHz and an amplitude in the range of 
1000 to 5000mV for a period of time s^fficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 3 0, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 1087 to 1097 MHz and an amplitude in the range of 
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20 



1 000 to SOOOmV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

43 . The method of claim 32, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a fi-equency 
in the range of 1 382 to 1392 MHz and an amplitude in the range of 
1 000 to SOOOmV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

44. Tlie method of claim 35, fiirther comprising: 

preparing a mixture comprising said plurality of yeast cells and soil; 
• culturing said mixture in an electromagnetic field having a frequency 
in the range of 1 690 to 1 700 MHz and an amplitude in the range of 
1 000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

45. A method of producing the biological fertilizer composition of claim 
12, comprismg in the order stated: 

(i) preparing a mixture by mixing yeast cell components (a), (b), 
(c),(d),(e),and(f);and 

(ii) adding to said mixture said organic substrate component and 
inorganic substrate component to form a biological fertilizer. 



25 

fertilizer. 



of: 

30 



46. The method of claim 45, further comprising diying said biological 



47. The method of claim 46, wherem said drying step comprises the steps 



(iii) diying said biological fertilizer composition at a temperature 
not exceeding 65"C for a period such that the yeast cells 

become dormant; 

(iv) drying said biological fertilizer composition at a temperature 
not exceeding 70°C for a period such that the water content is 
less than 5%; 
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(v) cooling said biological fertilizer composition to ambient 
temperature; and 

(vi) forming granules of said biological fertilizer composition of 
an appropriate size. 

5 

48. The method of claim 45 further comprising the step of forming a 
symbiosis-like relationship among the yeast cell components, which comprises, after step (i) 
and before step (ii), culturing the mixture of yeast cells in the presence of an 
electromagnetic field having a plurality of frequencies of 860 to 870 MHz, 360 to 370 MHz, 
10 250 to 260 MHz, 1087 to 1097 MHz, 1382 to 1392 MHz, and 1690 to 1700 MHz, and each 
frequency having an amplitude of 0 to 3000 mV for a period of time sufficient to cause said 
yeast cell components to fomi symbiosis-like relationship, wherein the amplitude for each 
frequency in said electromagnetic field is cycled between 0 to 3000 mV. 

^ ^ The method of claim 45 further comprising, after step (i) and before 

step (ii), the steps of: 

(iii) adding a sample of soil to the mixture of yeast cells of step (i), 

(iv) culturing in the presence of an electromagnetic field having a 
plurality of frequencies of 860 to 870 MHz, 360 to 370 MHz, 
250 to 260 MHz, and 1087 to 1097 MHz and each frequency 
having an amplitude of 0 to 3000 mV for a period of time 
sufficient to adapt yeast cell components to the soil, wherein 
the amplitude for each frequency in said electromagnetic field 
is cycled between 0 to 3000 mV; and 

(v) separating the yeast cells firom the soil. 

50. The method of claim 45 further comprising, after step (i) and before 
step (ii) the following steps : 

(iii) culturing the mixture of yeast cells of step (i) in the presence of 
an eleclromagnetic field having a plurality of fi«queaicies of 860 to 
870 MHz, 360 to 370 MHz, 250 to 260 MHz, 1087 to 1097 MHz, 
1382 to 1392 MHz, and 1690 to 1700 MHz, and each frequency 
having an amplitude of 0 to 3000 mV for a period of time sufGcient 
to cause said yeast cell components to form symbiosis-like 

35 
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relationship, wherein the amplitude for each frequency in said 
eJectromagnetic fieJd is cycled between 0 to 3000 mV; 

(iv) adding a sample of soil to the mixture of yeast cells of step (iii), 

(v) culturing said mixture of yeast cells with soil in the presence of a 
electromagnetic field having a plurality of frequencies of 860 to 870 
MHz, 360 to 370 MHz, 250 to 260 MHz, and 1087 to 1 097 MHz, 
1382 to 1392 MHz. and 1690 to 1700 MHz, and each frequency 
having an amplitude of 0 to 3000 mV for a period of time sufficient 
to cause said yeast cell components to adapt to the soil, wherein the 
amplitude for each frequency in said electromagnetic field is cycled 
between 0 to 3000 mV; and 

(vi) separating the yeast cells from the soil. 

51. A method for enhancing plant growth comprising growing the plant 
in the presence of a biological fertilizer composition of any one of the claims 1-13 and 21- 
23. 



20 



25 



30 
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Composition comprising a plurality of yeast cells cultured 
in the presence of an electromagnetic field having a 
frecuency in the range of 1382 to 1392 MHz and method of 
activating the yeast cells in order to overproduce qrowth 
factors. 



6. Claims: (1-9) (partially), (10-13)(partially), 19, 

(20-23) (parti ally) ,35-37, 38 (parti al ly) ,44. 
(45-51) (partially) 

Composition comprising a plurality of yeast cells cultured 
in the presence of an electromagnetic field having a 
frecuency in the range of 1690 to 1700 MHz and method of 
activating the yeast cells in order to overproduce adenosine 
triphosphate. 
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Continuation of Box 1.2 

Claims Nos.: 1-13 all partially 

Present claims 12 and 5 to 13 relate to a product defined by reference 
Jnmnnffiln'''^' Characteristic or property, namely to a compositfon 
comprising a yeast or group of yeasts having the ability of f x nS 
nitrogen, decomposing phosphorus, potassium or complex carbon comBounds 
and overproducing growth factors or adenosine triphosphate 

Zwplf'^h "^over all products having this characteristics or properties 
whereas the application provides support within the meaning of Art[c e fi 
PCT and disclosure within the meaning of Article 5 PCT on"? for the 
yeasts cultured under the conditions disclosed in claims 14 tS 19 in th. 
present case the claims so lack support, and the app i cation so lack, 
disclosure, that a meaningful search over the whole of the cla med Snne 
IS impossible Independent of the above reasoning, the claims aUo la?k 
clarity (Article 6 PCT). An attempt is made to define the product bi 
reference to a result to be achieved. Again, this lack of ?n th« 

present.case is such as to render a meaningful leS oJer ?he XhJle Sf 
the claimed scope impossible. Consequently, the search has been ?a?ried 
out for those parts of the claims which appear to be clear, suppoS and 
disc osed, namely those parts relating to the products and methods 
disclosed in claims 14 to 19 and as related to them. metnods 

Ife™^''^!'^?"!'^ attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no internatiSnal 
fnSj-^°''i established need not be the subject of an 

international preliminary examination (Rule 66.1(e) PCT) tHp annHr-^r.* 
IS advised that the EPO policy when acting as an liteSkiJ^Il'^P^'""" 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched This is 

^iL-'rJT^'P^'^'^! °f "^f^^^"- the claims are ameS fo loJing 

receipt of the search report or during any Chapter II procedure 
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